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TritSf it fmdedi as Ht its ufe^ 

fitifiefs^ neiidif m apUl^ j' atH X 

bikt mieifoHi^d mptf it infiici 



$ vSf- ex^ i0k /<r eptuttir^ thi ]^ 
hMUfy f^ Bfe, itdUcti fhm lo years 9$" 
Jirvutidhs ori the Bills of miftdlity <f i^ 
iHty of Lc^dOn, v^et^n the JitUeeJ^ 
tak^mi dte gnmdfl fSw, «^^ 
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iv The PRBi^ACE- 

Jbemng bom to camputt the vabm offmgU 
Uv€$^ I lay down a Lemma^ for tbcJUke of 
ttoji , Unacquainted mtb tie princes of 
ebiMes^^by.bt^ ivbereof the mofi intricate^ 
Problems in tbe fubjeSt are rejohed. Next' 
tbe values oj annuities upon more Bves 
tban one cotfe to be confideredi as^ Jrfi^ 
for awf number tf joint tivesi Jecondfy^ 
for tbe hngefi of any number of Uvesi 
tbirdfy^ for lives ^ wbere tbe annuity cea/es 
upon tbe extinSfon of any afftgrnd num^ 
of tbem. 7ben I proceed to determine tbe 
values of reverjions^ frft^ for tbe lof^eft of 
any number of lives^ after tbe hngefi of any 
number of otber lives i Jifcondfy^ for any 
number, of. joint Uves^ aftfr etny number 
1^/ joint lives I tbirdfy^for any number of 
joint Uves^ after tbe hngefi of any number 
of li^si fourthly^ for tbe hngefi of any 
number of lives^ after any number of joint 
lives. Tien^ from tbe theorems before laid 
down^ is given a Jet of tabUs for tbe va^ 
hation of annuities^ upon one^ two^ or 
three lives^ according to feveral rates of 
ifUerefi\ the ujes of "which are explained 
in fuch a manner^ as to be underjlood bj 
all 'who knonv but common arithmetick. 

X f ^ Neut 
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. hfixt is Jhenm b&w to determine tbe. 
^wkes qf Sucee^e . Xiw/, where the Jirft 
p^^or^ has a rights at bis deeeafe^ to m^ 
-^inate his fuc€e£or^ and his fuccejfor a 

i^^t f^^ff^i ^ fr J^* ^hen the value 
that ought to he paid for renewing of, 
teafes upon any number of livis^ together 
with the lofs or gain of the pur chafer in 
renewing for any ajpgnedfum^ is confider^di 
as a^ how much the rent-roll of an efiate 
ought to he increafed upon account of fuch 
renewifb^ 

Tien is gi^uen a method for -friding the 
values of Reverfons, when the e:^e£lation 
depends on the chance of one particular 
life in pojjeffimfiroiving the reft. 

Laftfy^ are laid downjbme ea^praBical 
Kulesfor approximating the values ^ lives 
without the be^ of titles. 

JVhat^ I. apprehend, may heft recommend 
this performance^ is the general^ yet fqmi^ 
liar manner in ivhicb the fiibjeSl is treated^ 

there 



1^ T^Pt^fFACt, 

iba^t tut bdi^ a SobttM tbrn^btui ^ 
il^ «$ff9,> ix^t Obfe niitii^ » ibe 

yn the AnHlu^ns Std JfmkSf i%ks 4^ 

dtti^mr id fitHplii » com 9i ^ermi^ 
fi\ng mf h^il^i. i ^tef»io» b^h^j 
bMUpfimi atmet in Mijm^Sf, #M$^* 
6&( tr6^M^ fbfffifel^^ tbiJf reit^lt 
mstt dijmafhfif, &c.- iraW fUifh i^ 
tbem to prefer ibe methods of their otWFi/WJf 
have neither foundation in experience nor 
tH reapnt. Bat ibd' I eanmt help bhitfSng 
iboft n»n^y^ libo nihuld. timr ai^hitr'arTfy tir-i 
triuk their 9Vih notions-' upoti the 'wc^Ufkr 
infallible rifles-, fet I vwzrlH not Be tbougBt 
to condemn any hypothefis grounded upon rea- 
fon and matters oj j^&^iecaafe fuch are often-f 
times- made uf: of to very great adhdntaj^i 
of which Mr. De * Moivre'i excellent book 
cn thi$JubjeSl is an injiahce.^ 

UavVng Jnhrtjoni^ nottci of the iefeSi 
9f Other s\ it ni»/ not 'be\tmprpp& to efi^ 

deavmf 



ffftai^ afeafi^f for tkf fir^a6flf(f flf ^^ 

M. B«? to this lanfieer^ fj^f fba' tl(f!C^U 
pual reptrt of peofi^ ftifm all parts, caufes 
sn4eed a great thcreafe iff the bills of tnorta- 
iityy it wfll tto wiTfs ifffuence the values of 
the attj^ities tliettce ^duced. if the numbers 

proportional to toe ivbole ^ffgi^i^s of the Hfro^. 
itfg of the fattte ages ; atid tbo* this fufpo- 
Jition is ttot exaBbf true in fmall ages, yet as 
epcperience fhews it to he more ftearlyfo in 
fffreiUer^ and as the numbev of perfons that 
^Ofte to IfVf i» tofm dfter z^^ or ^o years of 
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age^ is rnam/iderabk mthre^B to the wboMt 
hdjf of inhabitants^ it is evident^ that ib^ 
values given in the tables Jor all ages ^ not 
lefs than 25 or 30 years^ can be but little 
^eSeifrom the caufe abovementioneJ. 'Tis ^ 
true, the values for younger Hves^ have not 
f^ite fo good <f foundation ; but^ Iprefume^ 
the method 1 have bad recourfe to upwi this 
oecq/iim itfuch^ as is not liable to any reafin-* 
ahU objeSlions ; and, as to the difference that 
may arije from any uncertainty or error in - 
the Recounts of the parijh-ckris, it can be 
but very little, becaufe if the' age happens to ■ , 
^ given in a little too high one time, there is 
the fame chance of its bei^g put down at. 
much too low oipther. 



. ff^te, The Qit belon^ng to Lemma II. (be- 
in^ through Overfight there omitted) Is inferted 
4t the end of the Book. 
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VALUATION 



OF 

Annuities upon Lives. 

a*^ H E value of an annuity for life, 
depends, upon the intereft which 
>^ money bears, and the probability 
of the life continuing a longer or 
. fhqrter time ; , the former of whjch is gene- 
rally fettled by law, but the latter muft 
be determined from obiervations. 

Of all that has been hitherto ofiered for 
eftimating the probability of the duration of 
life, nothing feems deduced with greater 
judgment and exacShefsy than the tables 
publifh'd by Dr. Ha Hey, ^nd Mn Smarts 
for this purpofe; which, neverthelefs, are 
both liable to confiderable objections. 

The Doctor's Table, being grounded on 
obfervations made at Brejlau^ a place where 

B the 
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2 Of /i5^ Valuation of 

the generality of people live to a greater 
age than at London (as appears by com- 
|)aring the bills of mortality here, with 
thofc obfervatioes) cgjfi bp no j.uil i»ca- 
fure of the probability of life in this place > 
and as to that gf Mr. Smart yXHio^ it is in- 
deed free from this objei^ion, and founded 
on a very krge number of obfervations, yet 
the great and continual afflux of people 
from all parts up to town, renders the de- 
ductions from thofe obfervations confider- 
ably different, in pee part of life, from 
what they would other wife be ; and this 
Mr. Smart feenjs not, in his table, to have 
confidered, or made any allowance for. 

For thefe reafons, tho^ I had determined. 
to deperid on, and make ufe of^. this lait 
gentleman's obfervations, in the cnfuing 
pages (as, undoubtedly, the beft for the 
city of London^ and parts adjacent), yet have 
I deem'd it neceffary to niake fome altera- 
tions, in the table of the probability of life,, 
from thence derived. 

In doing this, I have fuppofed the num- 
ber of perlons coming to live in town, after 
25 years of age, to be inconfiderablc, with 
refpedt to the whole number of inhabi- 
tants ; and therefore the probabilities of life,, 
for all ages above 25 years, the fame as this 
author has made them ; but then have in- 
creafed the numberis of the living, cor- 
xefponding to all ages below 25 ; fo that 

they 



Annuitite upon Lives. 3 

diey may, as near as poffible, be in the 
lame proportion one to another, as they 
would b^, were they to be deduced froni 
obfervations on the mortality of tho& per- 
fons 6nlf^ that arc bowi Within thfe bills. 
Which was done^ by compariiig togetfier 
the number of chriftenings and burials, 
and obftrvin^, bjr help of iDr. HaHey\ 
table^ the proportion which there is be.- 
tween the degrees of mortality at Lmdon 
and Brejliau^ in the other parts of life, 
where the ages are greater than 25. I 
(hall here fubjoin the table, altered as 
above, and then proceed inuncdiately tp 
the ufes thereof. 
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jd TABLE Jhewing the Proba-^. 

Note. The l^umbers markM X affB fuppofed to die 
called the Decrements of Life. 



N*>. of Ages 


N". of Ages 


N" of Ages 


N°. of Ages 


Perfons. cur^. 


Perfons. cur^ 


Perfons. cur^. 


Perfons. cur^ 


1280 born 


524—10 


462—20 


385 30 


410 X 


7^ 


7x 


9x 


870— I 


5^7 " 


455—2 1 


376 31 


170 X 


7>^ 


Z"" 


9x 


700^-^ 2 


510-^12 


448 — 22 


367 3a 


65 X 


6x 


7^ 


9x 


635— 3 


504 13 


441—23 


358—33 


35^ 


6x 


7>' 


9x 


boo— 4 


498 14 


434—24 


349 34 


20 X 


6x 


8x 


9x 


580- 5 


49?— 15 


426—25 


340 35 


16 X 


6x 


8x 


9x 


564— 6 


486 16 


418—26 


331 36 


i3>* 


6x 


8x 


9.x 


SB'— 7 


480—17 


410—27 


322—37 


10 X 


6x 


8x 


9x 


541- 8 


474—1 8 


402 — 28 


313 38 


px 


6x 


8x 


9x 


532 9 


468 — 19 


394—29 


304 39 


8x 


6x 


9x 


10 X 


?24. — 10 


462 — 20 


385—30 


294—40 
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Ifilities of Life, from Ohfervations. 

t 

t 

off yearly, and are what, in the fucceeding Pages, are 



N^of Ages N^.of Ages| 


N". of Ages, 


N«. of Ag^ 


Perfons. cur'. 


Perfons. cur*. 


Perfons, cur^ 


Perfons. cur^ 


294 ^40 


204—50 


130—60 


69 — 70 


10 X 


8x 


7'x- 


5x 


284—41 


196—51 


123 61 


64—71 


10 X 

1 


8x 


6x 


, 5^ 


274 42 


188 52 


117—- 62 


59—72 


10 X 


. 8x 


6x 


5^ 


264—43 


180—53 


1 1 1—63 


54—73 


9x 


8x 


6x 


5>* 


255 44 


172—54 


105—64 


49—74 


9x 


7^ 


6x 


-4x 


246 45 


^^S—5S 


99 65 


45—75 


9x 


7^ 


6x 


4x 


237—46 


158-56 


93—66 


41—76 


9x 


7^ 


6x 


2^ 


228 — ^47 


^51—57 


87—67 


38—77 


8x 


7^ 


6x 


3^ 


220 — 48 


144—58 


81—68 


35—78 


8x 


7x 


6x 


3^ 


2 1 27—49 


137 59 


75— (>9, 


32—79 


8x 

1 


7^ 


6x 


3^„ 


204 — ?o 


130—60 


69 — 70 


29 — 80 



Now, 
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Now, in order to fliew the ufe of the 
foregoing table by an example, let it be 
r4(|Uired to find the probability, that a per- 
fon of thirty-fix, lives 30 years lon- 
ger,, or attains to the age of 66 year&, Ibok 
in the table againft 36 years and 66 years, 
and correfponding thereto^ you will find the 
litimbers 331 and 93 relpedivelyj (hew- 
ing,, that out of 331 perlons living of 36 
tears of age, only 93^ of them arrive to 
the age of 66 : therefore, feeing the whole 
mumber of perfons living at the beginning^^ 
of thi^ term, is to the number remaining 
alive at the end of it, in the ratio of ^xi 
« 93 > the number ofdhances th.tape?4 
of 36 years of age hits to live 30 years 
longer, will be to the number of all the 
ehancesi that he has both ' to live beyond, 
and die within 30 years, in the fame ratio 

of 331 to 935 and therefore -^ is the 

33* ^ 

toeafure of the probability required; the 
probability of the happening of any event, 
being always to be confidered as the ratio 
of the chailces which that event has to 
happen,. to all the chances which it has both 
to happen and fail. 

This being underflocd, fuppofe* it were 
now required to find the value of an an- 
nuity of 100/. for a life of 2© years of 
age, interefl at'4/fr r«?, . 

pccaufe 



r 



Annuities upnn Llve^. ^ 

Becauiib the prefent value of lob/. due 
at the end of one year (difcount being ali- 
lawed) is 96.15, it is plain, that (o mudu 
would be the v^lue of the firft year's rent, 
was the purchafer fure to receive it ; but 
the probability of his living one year, ap- 
pearing from the table to be only -^|^, the 

afbreiaid fum 96.15, in order to make 
a juft dedudion out of it, for the contin^ 
gency of his dying before the end of on^ 
year, ought to be diminifh'd in the ratio 

of 462 to 455, or multiply'd by — ^' 4 

which will reduce it to 94.70, equal to 
the true value of the" firft year's rent. 
After the fame manner may the value of 
the fecond year's rent be calculated ; for 
fince the probability of receiving this rent, 

or living two years is -^, let this be mul- 
tiplied into 92.45, the prefent value of 
100/. to be received at the end of two 
years, and the produd 89.65, will be. 
the true value of the fecond year's rent. 

And by a likfe way of proceeding, the 
values of the 3d, 4th, 5th, &c. year's 
rents, to the utmoft extent of life, may 
be determined ; and the fum of all thele 
will be the required value of the annuity ; 
which will be found to come out 1480/* 
very near. 

From 
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From the fame method of proceeding,' 
the value of an annuity for any other life 
may be determined ; and tho' the opera- 
tions, rcquifite to this efFedt, are very nume- 
rous, yet, that teing once computed, the 
value of the next younger life may fron* 
thence be eafily derived ; for if to the gi- 
ven value you add one year's purchafe, and^ 
inultiply the fum, difcouritdd for one year, 
by the probability of the youngeft life con- 
tinuing one year, the produft vrill be the 
value required (as will appear from Corol- 
lary VII . of the fucceeding Problem.) Sup- 
pofe, for example^ that the value of a life 
of nineteen were required from the value 
of a life of twenty, as above computed > 
then, the value of the given life, iiicreafed 
fey one year's purchafe, being 1580/. the 
fame difcounted for one year, at 4 per 
cent, will be 15 19.2, which multiply 'd by 

-^^, the probability of a life of niheteeh 

continuing one year, gives 1499.8^ for the 
required value of an annuity upoii this 
.life. ^ . 

Havittg fhewn the manner of eftimating 
the value of an annuity for any fingle life,.' 
and laid down a ready method of compu- 
ting tables for fuch live^,: according to any 
propofed rate of intereft, by deducing each' 
value from that of the next older life,, it 
remains next to confider the manner of 

deter^ 
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determining the values of annuities granted 
upon two or more lives ; but before we en- 
ter upon this, it will be neceflary (for the 
benefit of thofe unacquainted with the 
principles of chances) to pretnife the fol- 
lowingi 



LEMMA i. 

V 

Ifafum of money (S) depends upon two diffe^ 
rent events y fo as to be received ^ if both 
ihofe events happen ; the probability of 
receiving that fum^ will be equal to the 
froduSt of the probabilities of the happen^ 
ing of the two events. 

Let the number of chances for the hap* 
pening of one of the events, be to the 
number of all the chances, both for its hap- 
penihg and failing, as ^ to b ; and let the 
number of chances, for the happening of 
the other eventj be to the number of all 
the chances, both for its happening and 
feiling, as r to ^ 5 then it is manifeft, that 

-J X S, or the given fum diminiflicd ia 

the ratio of d to c^ would be the true vaf^ 
lue of the expedation upon this fum (con- 
fidered without regard to time) was the 
iame to be received, or to depend only, 
upon the happening of the kft named of 

C the 
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the two propofed events; or^ in other 

Words, -^ X S, will be the fum that might 

be taken as an equivalent in this cafe, for 
the chance of obtaining the fum S. But 
the probability of the happening of the firft 
event, or of being intitled to receive the 

fum -y X S^ as an equivalent being only 

■4-, the value of the expeftation ; there- 
ibrc, as it depends on both events, can be 
only the -f- part of this fum, or -|- x -^ 
i X S, and confequently the probability of 
receiving the fum S, only y x -^, which 
"was to be proved. 

CORO LLA RY I. 

Hence, alfo, may the probability of receiv- 
ing any fum of money, depending on the 
happening of 3, 4, &c. events be cafily de- 
rived : For let |-, ~, ^ , |-, &c. repre- 
sent the probabilities of happening of fcr 
ttany different events; and S, T,. U, W, 
&c. feveral fumis depending thereon, the 
firft S, to be received upon the happening 
of the two firft ; the fecond T, upon the 
happening of the three firft j th^ third U, 
tapctfi the happening of the four firft, &c^ 

reckon- 
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reckoning according to the order in which 
the rcfpeftive probabilities arc placed. 
Then, feeing the probability of receiving 

the firft film S, is -^ x ■—, and that the ex- 

pedtation on the fecond T, depends en- 
tirely upon the happening of this event, 
and that of the aforefaid order, whofe pro- 
bability is-^, it followrs that ^ ^ 4" ^ T» 

the produd: of thofe two, will be tbQ 
probability of receiving the fum T. I^ 
like manner, as the cxpeftation on the funx 
U, depends upon the receiving of T, and 
the happening of the event, whofe proba- 
bility is "I", the probability of receiving the 
fum U, will l^e^- x 4 >^ -7 >^ -f > G?^- whence 

» ^ » y ^ 

it appears^ that the probability of the hap>- 
pcning of any number of events, is equal 
to the produd of all the probabilities of 
happening of thofe events, confidered fc* 
parately. v 

PROBLEM I. 

t 

^^probability of life^ and ^r ate of inter eji 
being given ; to find the value of an an-- 
nuity^ granted upon any number of joint 
lives y that isy for as long as they jhall all 
(Qtttinue in being together. 
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SOLUTION. 

Let the propofed annuity be i L, and 
A, B, C, fSc. the lives upon which it if 
granted, and r the amount of i L, in one 
year, viz. principal and intereftj let the 
probability of the life A continuing i, 2, 

3, &c. years, be reprefented by a^ a^ a^ a^ 
(3c. refpedtively } and that of the life B 

continuing i^ 2^ 3, &c. years, by ^, b^ b^ 
&c. &c. then will the probability of all 
the lives pontinuing, i, 2, 3, &c. years, be 

abcd^ &c. abcily &c. abcd^ &c. &c. 
&c. refpeftivcly, by the Corollary to the 
preceeding Lemma. Thefe, therefore, be- 
ing refpedtively tnultiply'd into the terms of 

T I ' T 

the geometric progreffion, —, -\> -t> Gfr. 

fhewing the prefcpt value of i L certain, 
to be received at the expiration of i, ?, 3, 

fts ^1 A r\ ab c a. Sec, a b c d^ &c. 

iSc. ycars^ the products — ; ■ ■ ' 



// // tni 

t-lfLfii-j &c. thence arifipg;, wUlrefpec- 

tively exprefs the prefeht vklues of the 
I ft, ?id, 3d, $fr. year's rents, upon the con- 
tingency of one or mqre of the lives failing, 
in I, 2, 3, &c. years : The funi of all 

• ^ f J I I II II n If 

r . 1 abcd^ &c. , a b c d^ &C. , a b c a, ice. 

Which, or 7-*— H ;■: 1 ;j— 

&c. is, therefore, the prefent value of the 
apiiuity, Q^E. I. . C Q- 
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COROLLARY L 

Hence, will the value of an annuity 
for one fingle life A, be exprefs'd by 



// /// 



•7 + ~» + ^ + ^ , &c. for two joint 

. / / H It mm ■ 

lives, AB,by-^ + -^-H-ff-f.^, 



r r" r* r 

. &c, and for three joint lives by ^ — ^ 



til u. til ^ ih.^ &c. 



COROLLARY U. ^fl^n'J "^"^ 

t 'I I 

If 47, tf, tf, a, &c. be taken equal to }^ W 

^, ^*, tf% /?*, &c. and /?, ^, /, p, &c,. 
?qualto^ ^», i\ ^*, &c. &c. thgfi vvrill tbc 
value of the annuity be defined by thp gcpr» 

metric progreffion ? — I 



r} 



n ;3 efc. or Unequal pjj;^^^ 

COROLLARY IIL 

Therefore, if the value of an annuity 
for each of the fingle lives be given, equal 
p M, N, P, Q, ^c. refpe^ivelyj theq, 

apcord- 



^4 ^f ^* Valuation ©/" 

according to the above hypothefis, — ^, 
Uing = M, ^ = N, ^ = Vl~3c. 

W« fliall have tf =j^, ^ = j^, r = 
■—-, ^Ci and confequently the value of 
an annuity for all the joint lives equal to 

rMx rNx rPx rQ, fef^. 



m i*i 



rx M+i XN + I XF+I,{5rf.— rMxrNxrP,&ff/ 

Upon a fuppofition that the probabilities of 
cantanuing in being i, 2, 3, t^c. years, 
are to one another, as the terms of a geo- 
metric progreffion, or that the decrements 
of life are in a conftant ratio. 



COROLLARY IV. 

Bui if the probability of living an 
affigned part of time, be fuppofed to de- 
crcafe continually, to the extremity of old 
age, fo that the terms of the feries a^ 

a; a^ a^ &c. may be refpeftively expound- 
ed by thofe of an Arithmetic pirogreflion, 

, , — ^, — -y CSC. and the terms 

M fn m fft ^ 

of the feries i, i, J^, ^ &c. by thofe of an 
arithmetic progreffion, ^,i^,i:=i/-=:l. 



(^c. &c. then will the value of an annuity, 
upgn all the joint lives^ it is manifeft, bQ. 
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^^^ X ^'^' &c. where /^, n, /, &c. 



^*/i» 



rfelpeebvely repretent the niixntrcrs of years, 
Avhigh the feveral lives have a chance t^ 
continue, reckoning to tfee extremity of 
old, age. 



COROLLARY V. 

Hence it appears that the value of aa 
annuity, according to this laft hypothelis, 

for one fingle life A will be = 



m — 1 






r^m 



+ ^^ -+- ^r-^, &c. for two hint 

m — I X n — I ., m — z X »— X 

■ ■ ■ I ■ > < 



lives A B, equal to ^iHJiZZ.'^- 



2 w ^ ^ rmn r'^ m n 

5 &c. and for three joint lives. 



r* mn 



A, Bj C, • equal t-o -^ — ^ — ^ — ^ — ^^ -4- 

^ rfftnp * 

^^ X »— 2 X >-~2 ^—3 X n—'i X /— 3 xv)^ 

r^mnp "T" r^ m n p y ^^^ 

each feries being to be continued to a 
number of terms (/;7,). equal to the num- 
ber of years included between the oldeil 
life A, and the extremity of old age. 
But thefe feries may be fummed, and 

will be found equal to * ""^ '' ' 



r — I m X r — I^"' r — I 



w-J-» — I X r4-7i — m — I X r^ — ^ , 2 r — 2 r^ — ^ 

and 
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- I mnp — m — IX» — IX^ — IX^" 

and — ,.^ 

r—^ mnf X r— i * 

mnp X ^—1 «r«/ X r — i 



6. X r + 4« — 2« — 2*4-6X1' 
mnp y^ r :— i^^ 

^'' — ^/^ ^ refpcftively ; which values, if 

M be" put for the value \ J^zp / 
of an annuity, certain^ for /!« years, and 

^ f^r (tiit) ^^^*^ ^^ *^^ fam e ann uity 
for ever , will become v — 2±i2iJi*, 



t^ — — ^— X ;z-^/?^ — zv — 1 X — -4- 2 i;. 

and i; ^^ y.zn-^-zp — m — bv — 3; 

+ -^ Y. n — m — I x/ — m — i x — 

fn ^ -> ^ m* 

refpcdtively ; fhewing the worth of an annuity 
for one, two, or three joint lives; upon 
fuppofition, that the probabilities of living 
1,2,3, ®*^* years, are to one another, as 
the terms of an arithmetic progreflion ; or 
that the (decrements of life, from year to 
year, are all equal one to another. 



GO-- 
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COROLLARY VL 

But, let the probsl5iiity bf life be what it 
will, the required value may Be always de- 
termined by help of a table of obferva- 
tions, and the general expreflion foregoing : 
for let the number of the livingicorrefponding 
to the age of A, in the table^ be reprefen^ 
ted by Q^and thofe anfwering to the next 

fucceeding ages, in .the table^ by C^ Qj^ tSc^ 
relpedively ; and^ in like manner, let th^ 
number of the living, aniwering to the age oiF 
^ be rcprefented by R, and thofe anfwcr^ 

ing to the next fucceeding ages, by R, R, R^' 
Sfc. ^c. &c. then the probability, that 
the life A continues i, 2, 3, &c. years^ 

being |; ^, ^, &c. ari4 that g£ the 

life B, continuing i, 2, 3, ^c. ycars^ 

i S t! 
equal to~, |, |, &c. &c. wc fliall, by 

fubflituting thefe feyeral values^ inftead o£ 
a, a^ tf, BcCi 1^, /, j?, tec. in the general 

Itie oC the aonuity. 

p no- 
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COROLLARY VIL 

Hence, if ^thc value (P) of the joint 

lives. A, B, C, be given, or once computed, 

the value (K) of the next younger lives, 
I f I 
A, B, C, Gfc. vvrhofe ages are, each, relpec- 

tively, one year lefs than thofe of A, B, 

C, &c. may be eafily derived s for let 

<}*^R, S, tSc. be the numbers found in 

the table of cbfervations, againft thofe next 
,yonnger ages ; then, for the very lame rea- 

/ / / . . // // w , 

f.fl»»^ft^:+^^ «f.. be =« 



/ / / / / / 



K: Wherefore, multiplymg the former 
c<Jiiatien by QR S, &c. and die latter by 
rQRS, ^r. and, taking one from the 

other, we have Qk S, &c. j= H&QR S,&c. 

/ 4 t 

— PQRS, &c. and confequently K == 

i+P X QRS, Off . '^ \'Tb ^ Q ,R S, btc. 

TQjLS,ifc. **^ rQR S, Qfc. 

' r't 1 ill 

COROLLARY VIIL 

Laflljr, from CoroU. IV, V, and the 
given value (P) of the joint lives A, B, G, 
&c. the value of an annuity upon an equal 

number 



r 
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number of other joint lives A, B, C, ^r» 
reipedtively, younger than the former^ by 
any number of years, during which, the 
decrements of life may be efteem^ed equal, 
may be readily determined. Let j be the 
propofed number of years, or the cpmijioji 

difference between the ages of A and A, 

B and 6, C and 6, t^c. and w (= -J ) 

the prefent value of \ L, due at the end pf 
i years i let the puijiber anfwtjring tQ each 
of the ages A, B, t3c. be taken frorft the 
table of obfervations, and divided by the 
preceding decrement, and let the quotients 
(/w,«, &c.) be coniiHercd as the comple- 
ments of thofe ages, to the extremity of 
^W age, and iet (S) the value of an aor 
jiuity, ai^fwerifig to tha& compbments^ 
by Cproll V, be accordingly foupd. 

Moreover, havkig «dded / to each of the 
laid quotients, and taken the fums (^+i 
«+j, Gfr.) thence arifing, as the comple* 

19 4 * 

ments of flat ages, A^ B, C, .&£% to the extre- 
mity of old age, let (T) the value of an 
annuity anfvirediig to t}iefe compienMnts^ 
in the fame manner, be aiib found. TlieQt 
it will £blbv/, from what has be«i I^id 
i^wfi in thie forementioned CorolWies, that 

D 2 value 
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value of an annuity upon the joint liveSi^ 

A, B, C, &c. 

Thcfc two laft Corollaries will be found 
very ufeful^ in computing tables for the 
valuation of annuities upon one fivde life^^ 
or 2y 2^ ^^ more joint lives^ as aeducib)/^ 
from real obfervations i and I have infifted 
more largely on this jpropoiition, becaufe 
the moft intricate quemons in the fubjed^ 
may be referred to it, and readily folved by 
help of tables fo computed; as, in the 
fucceeding proportions, will be made to 
appear. 

PROBLEM II. 

^i fame things being given as in the laft 
Propofition $ to frm the value of an an^ 
nuity^ granted upM any number of a/fign^ 
ed lives J that is^ to continue, as long as the 
kngeft of them is in being. 

SbtUTI ON- 

Let every thing be fuppofed as in the 
preceding problem ; then fince the probabi^ 
lity that the life A, B, or Q €&. fails the 
firft year, is exprefs'd by i-— <i, i— ^, or 
i~r, ^^Q. reipedtively, the probal^ility pf 
all the lives. A, B^ C, &c. failing the firSft 

year. 



1 
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year, will be cxprefs'd by i — a x i — b x 



\ &c. (per Lemma) therefore that 
of feme one or jpore of t hem, f urvivi ng 
the fi rft year, will be i — i — a x i — b x 

1 — r, &c. In like manner, it will appear, 
that the probability of fome one or more 
of the l ives, f u rviving the fecond year, will 

*be I— I — a X I — i, &c. &c. Therefore, 
if thefe ieveral probabilities be refjpeftively 
multiply'd into the terms of the geometric 

feries -3-^9 -^t ^^. expreffing the prefent 

value of I L certain, to be received at 
the end of 1, 2, 3, &c. years, the pro- 
duds thence ariiing, will refpedtively oc- 
hibit the prefent valued of the ift, 2d, 
3d, &€. year's rents, upon the contingency 
of fome one or more of the lives furviving 
the I ft, 2d, 3d, &c. years ; the fum of au 

which produds, or^i+^-H ^71+ ^» ^^• 

1—^X1^^^ l -^XI^t&C . 1>— <iXl— ^><Pfc 

_,^xi-J,&c .^ therefore the value of the 



con 
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COROLLARY I. 

Hence, if the lives be all e^ual, and their 
number, be reprefented by i,then aic^ &c. be- 
comingequal to eachother,thevalueof the an- 
nuity will be expreffiblc by ~4— ^+-^, ^C. 

1 * . i 1 I 

•■■iW^^ ipp^kviWi^ tVkrvMMP^ a^aw^M^ ^M^tfava^ 

,-^ 1^ ■ '-^ '-^ '-^ Af/r 



r r» 



COROLLARY IL 

Since the value of the annuity, con^ 
verted to iimple terms, is 



r r r r 



I J f 



bd 



where, according to the laft propofition, 
the firft collateral column exjNitffes the va- 
lue of an annuity for the fingle life A; 
the fecond, the like for the fingle life B ; 
the third and fourth, for the joint lives 
A B and A C, &c. &c. it follows, that 
the value of an annuity, to continue as 

long 



^ 
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long as any one of the lives A, B, C, D, Gfr. 
is in being; is equal to the fum of the va- 
lues of ail the fingle lives^ le/i the values 
of all the pint lives, combined t^^i^ and 
two, more the values of all the joint lives, 
combined three and three, kji the valued 
of all the joint lives, combined four and 
ftrur, and fo on. There£xc^ when the 
i«dues of the joint lives are j^vcn, die va-( 
lilt of an annuity upon the longeft \&^ 
\nll from hence, be hkcwife given. 

COROLLARY III. 

But vvhen the lives are all equal, the 
vdues of evwy 2, or 3, <^r. joint livcs^ 
mil likewise ic ^ual ; therefore, if the 
vflSlue €lf «cfe &^c life be reprefented by 

H, that of each Wo joint lives by H, thtt 

of eadh three joint lives by H, ^. the va- 
lues of all ^t Jingle fives, being s in num« 
ber, ^Hlbe =;? ill, and the values of all 
the joht lives, combii^ed two and two^ 

2=f x^ I^, ®c. Whence it is maoifeft, 
that the ^alue of the longefl: life, ,in this 

cafe, will be ^Ji — T^''T*^'*^T^"? * 



X-T- X 



T^ 4 ^ 5 ^>^^- • 
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COROLLARY IV. 

If the probabilities of continuing in being 
i^ 2, 3, &c. years^ be expounded by the 
terms of an arithmetic progrefiion^ or the 
decrements of life from year to year^ be 
fuppofed equal (as in Goroli. IV. and V< 
ot the laft Propofition) and i£ mnp, &ti 
be refpe^vely put for the nunibers of 
years between the feveral ages A, ti, C, &Ci 
and the extremity of old age^ and M N P^ 
&c be taken to reprefent the pre&nt values 
of an annuity certain for thofe numbers 
of years, and v that of the annuity for 
ever ; then will the value of one life A be 

equal tov— v-+- 1 x — , of two lives A B^ 

Mm 

eqtctlto'z; — ^ x M-f-N — zv+zv-i^i x -rr 

of three lives A, B, G, = ^ — 5dt! x 
' ' ' mf 



1 

I 



«-hi' -4-2 « -4- 3 v -I- 3 X2«x— — ^y-x 

n + zv-i-ix ^H-P+ ^±^ ik 

i«H-«H-6-y-f* 3". Gfc. which values, 
thereifore, when the lives A, B, &c. are all 

equal, will become v — v-Hi x — , v — ^ 
^-*— X zm^i-zv+i X — — 2 V, and-u — 




-xw-f-i X 3^4-6^+6 v»+ix -5 
' ~»*^" ' ^> itfpeaively. iv&Zr; 
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. Note. When the propofed lives arc xin- 
egual, or of different ages, A is to be taken 
as the oldefl of them, B as the next oldeft^ 
and fo on« 

PROBLEM III. 

^ofind the value of an annuity granted upon 
any number^ n, of lives^ A. B, C, &c. 
but fo as to continue only as long as a 
given number y m, of them are in being. * 

SOLUTION. 

Let P be the value of all the joint lives^ 
A, B, C, &c. that is, the value of an an- 
nuity, for as long as they fhall all continue 
in being together; and let QJ)e the fum 
of the values of all the joint lives that can 
arife, by combining A, B, C, &c. fo as to 
leave out one life at each combination, and 
R, the fum of the values of dll xht joint 
lives, that can arife by combining the fame, 
fi> as to leave out two lives at each comb!*' 
nation, &c. &c. Then will 



E Px 



1 
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be t^e valtje of the anntnty requirtds 
whete the firft ftries is to be eontinued to 
as many terms, as there are units in «-+-i 
— »» } the fecond to as many terms, as the 
firft all but oiW; the tWn* t<y ^ many as 
ic fecond, all but one, and fo on. 



1^ • 



CO HOLLAR Y. 

ttsntfe Si a^^^s; that die vatoe of *i 
«lnuitV, t6 c«[fe upbh the Mifig of the 
i&tf M, v^itt be P } ujpoh the felling of the 
fecoiid life, T -?^x P-K^ up on fai ling of 

4eA ftird Kfe, i— «+* x ^ ^ P+2— »Ci_ 
H- R; and upon felling of the fourth 
life, 1— »H-«x^— «x^x^ X P 

^_2— «-4-:=i.x^ xQ^3 — »xR 



PROBLEM IV. 

fp ^nd the value of the revet^^ ^ the 
ungefi ff any nm^her of livtes, ^, ^, >€, 
after ^be longgfi of any mimber iof jt^tktr 
lives, P, Q2_^R. 

SiOLUTION. 

From the value of aU the ^y9S,,A,^B,C, 

P, Qt^R, fubtraQ the value pf tiie Ijyj^Sj^ 
P, QiJ^, in poffeffion i the re?jpM|idqi: w|il 
be the yal,ue of, the reverfion. 

The .truth of this Splutign is z\xQ9l^^fj^ 
evident; fpr the excefs of the' value S^ J^ 
the jivesj above that of the jives iii jpw^ 
feffion, 15 e(jual to the fuoi tjiat oiJ^ght |q 
be paid, for .the chance of ^njoving the^« 
nuity alter the 4eceafe -of the^ Jaft JiV^j 
and/o,inuft l)e ^Wjtf;ueyaljie.Qf .tl|fc^^ 
ifipn. 

PROBLEJ^ V. 

number cfjpwt bves. A, B, C^afitranf 



£2 SO. 
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SOLUTION. 

• ■ . ■ I 

From the value of the joint lives m re- ^ 
vcrfion, fubt. aft the value of all the joint 
lives,. and there will reniain the value of 
the reverfion. 



DEMONSTRATION. 

Let the right of the revcrfion, or all the 
rents that may happen to arife from the an- 
nuity, during the joint continuance of 
A, B, C, after one of the lives P, Qj^R, in 
poffeffion, is extindt, belong entirely to one 
perfon K, and his heirs; and let him be 
admitted into immediate poifeflion of the 
annuity, for the joint lives, A, B, C, upon 
condition that he or his heirs (hall pay back 
the rent thereof, till fuch time as it becomes 
his or their own proper right. This being 
premifed, it will appear, that as long as all 
the lives. A, B, C, P, (^R, are in be- 
ing, and no longer, ought K, or his heirs, 
to pay back the rents of the annuity ; for 
firft he ought tg pay, while A, B, C, P, QJR, 
are all in beings becaufe all this time he re- * 
ceives the re;)t of an annuity, to which he 
has no rights but fecondly, he ought not 
to pay after the deceafe of any of the 
, . bvcs. 
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lives, P, (^R, fince whatever he may hap- 
pen to receive afterwards, is his own juft 
property ; nor ought he to pay after the dc- 
ceafe of any of the lives, A, B, C, becaufe 
then he is wholly exempted from all fur- 
ther benefit arifing from the annuity. 
Therefore, feeing f he value of all the 
rents that . K and his heirs may happen to 
' pay, is the fame as the value of all the 
joint lives. A, B, C, P, Qi^R, and the va- 
lue of all that they may receive, or the 
whole produce of the annuity, the iame as 
that of the joint lives. A, B, C, the Solutioa 
is manifefl. 

Otherwife, 

Let the probabilities of the life sA, con- 
tinuing I, 2, 3, &c. years, be denoted by 

a, a, a, &cc. and thofe of the life continu- 

^^g i> ^> 3> ^^^ years, by 3, a, 6, Sec. ro-. ' 
fpedHvely, &c. In like manner, let the 
probabilities of the life P, continuing i, 

2, 3, &c^ years, be denoted by/, ^,^,&c. 
and thofe of the life Q^ontinuing 1,2,3, 

&c. years, by y, q^ ql &c. let the annuity ^ 
be I L, and m be the amount of i L ia 
one year, viz. principal and intereft. Now, 
the expedtation of A, B, C, upon the firft 
year's rent, depends upon thefe two events ; 
firfl, that they all continue in being till the 
end c^ that year, and fecondly, that ibme 



one^ 
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Qnc, at Icaft, of the other Iiv«, P, Qi^^ 

£iils before that time : Wherefore, feeing 
,the probability of the former is aic^ and 

that qf the latter i^^p q r, the probability 
.that both happen, or that A, B, C, (hall 

^receive the firft vi^r's rent, will be aic% 

i'^qr^ or abc-^^bcpqri this, therefore^ 
multiply'd into -^, the prcfent value of i L, 
due at the end of one year, ^ves 
,4*1 _ -ifMr for the true value of the 

expectation of A> B, C, upon the firft year's 
rent ; and by the very fame way of reafon- 
ing, the expectation of A, B, C, on the 
2d, 3d, Gfc. year's rents, will appear to b^ 

I LJ inn I nn II 11 u 11 mm 

i**r^1^\±ll^'JlfE^ .&c, rcfpec- 

ait 

-^i^j the fum of all which, or ^- -4- 

,1/ > .$9-4t , 1 1 1 I n nun u nn 

mhc , mhc ru?^ nhcfqr ahcfqr abctqr 

.. — r^ — r> ^C.^^^ *-4- — ^ i . » 

«&r. 4s, therefbfe the total value of the re* 
4rftrfion; and this, frcmi Problem I, appears 
to rbe equal to the value of the joint Uve$„ 
A) B, C, lefs the value of ,all the jqiot 
#^es. A, B, C, T, Q^^R, as was to tfi 



J^RO- 
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number of joint lives. A, B, C, after fbe 
hn^efi ^ a^ number if otbtr S^a, 

SOX.UTIOR 

Let ^, 6 c^ &c. be as in the laft Pro- 
blem : Then, bdcadfe the probability of ail 
tlie lives. A, B, C, continuing till die end 
•df tlile firft year^ is abCy and that of adl the 
i>tber Ifves, P, C^ R, Mkig beicnre that 

tiffife, i^yi i^% 1-^^, the probability 
llfat Bd!h tfrtfe events happen, or that 
A\ &, C, f«*ive the firft year's reftt, wiff 
{1^ thd ^ridSding Len&ma) be abc *; 

fc*! Ml I ■ mAA III if HflllKt 

|i^ X i — q X i — r J this tiier^fore multi* 
f Ikd by-^i die prefent vahie of i L cor* 
ttlft-, td be ra«S\fed at the 6nd o^f dflif 



^^r, gives ^^ . ^^ »-^x i^x »^r ^^^ ^^ ^^ 

value df th6 expedition of A, B, G^ a^lE 
the firft year's rent, allowkig for cSfCOifint^ 
^^ all condrigencies* After die Very kitm 
manner it v^rill apj^ar, that the valafeof d«i 
cxpe^aation of A, B, C, on the ad, 3d, &c. 

ycar'« 
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f ff ' I > I I 



year stents, will be » ■ t y ^^^ 

# y^ /f // It 

.J,x.^x,-yx.-^ ^ ^^ rcfpefiively. 

Therefore the. fum of thefe values, or 
/ / / / 7 "^ ^^ 

#^cX I— ^X 1— f X i — r g^r XI— ^Xl — gX I — r 

1/ y Af /# // tf 

^ r^ ^y ^ Of ^^ 15 the whole 

value of the rcverfion. QjJE. I. 



COROLLARY. 

• 

If the laft general expreffion be reduced 
to fimple terms, and compared with that 
in Problem I. it will appear that the va- 
lue of the reverfion, of any number of 
joir^t lives A, B, C, after the longeft of any 
number of lives, P, Qj^R, is equal to the 
value of all xh^ joint lives A, B, C, kfs 
the values of all ih^ joint lives arifing from 
combining (at each combination) ail the 
lives A, B, C, with each one of the other ; 
more the values of all the joint lives, 
arifing from combining all the lives A, B, C, 
with each two of the other; lefs the va- 
lues of all the joint lives, arifing from com- 
bining all the lives A, B, C, with each 
tbrce of the othcr^ and fo on. 

pka 
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P RO BLEM VII. 

^0 find the value of the reverfion of the 
longeji of any number of lives A, B, C, 
differ any number o/* joint lives, P, Qjjl^ 

SOLUTION. 

: Let :m, ^,a^b,.b,.p,p, g, &c. be fflli 
as in the preceding propofitions. There- 
fore, feeing the probability that one of 
more of the lives P, Qj^R, fails the firft 
year, is eXprefs'd by t-^fr, apd that of ' 
one of the lives A, B, C, at leaft, furviv- 
iagthe firft year, by i — 1 — a x i^—b x 



t|K5 probability, that thefe laft A, B, C, 
receive ;thc firft year's rent, will be 



t-^qr X I — i-r—a x i-^ x i — c, and con- * 
feipiently the value of their expe<ftatioa oa» 

that year's rent, i^-fqr x ^ 



I — Ir-wrXl — ^X 



■^a 



\^^i—a X I— ^ X \ —c p^xi—i—axi 

or ' ■ ■ I fj 1 1 I ■ 1 I 

And, from the very lame way of realbning, * 
the Value of their expeftation on the ad, ^ 
3d, &c. year's rents, will appear to be 

•V "' > ' "/ /// / / ' 

i..^ — ^and 

F I— 



'1 

I 
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nmmmL 



n if H0t/ If fi 

f.^|...*«X 1— *X I— ^ /yrX 1— I— «X 1-—*)^ I — tf 

£fr. Tborefoce tbe fom all thcfe, or 

I— ^ X I — € I — 1— ^ X >«-i X !■*<■ 



I— I— « X I ^_^ 



• ^-t—«--»*M»-»w*p*^PiW»*";;piiii«iM^»ww»i 



ni' 



■ .f i P ii . ' L ' ill J ,aPf. — t iiLnmuii iw III'. 



I ; / 



UULi, 



— I.— .« X I — ^* X ^ — e 






H 



nun tf /' * 

tqtal. valup. of the cevcrfion. Qj^E. I. 

COROLt'ARY. 

I 

Honce^ bccaufe ifr appear froi» the 

preccdiBg problMas, t hat the fir& f<ri«^ 
' ,__^ '■~^/ / I 



QKprfifl'ea, tbd: va}ti9 of the lQn«(&. of tbfi 
lifjra, 4,. B;. G, and that toe fecond 

^t:,^.'T:'?y!-* S^^ (2c. (xcduccd to 

fimple teritis)* is equal to the. values of 
^> th? joint lives arimig from combining, at. 
e9«h Gqmbiaation, all tEe lives F^, (^R^with . 
eM^ M^;of the,ottier, (!^€^ it jfi^Uows^ th^tr 
the ^uc of d^ reverfion of avynun^ 



^ ■■■ 



Anmiities upon Lives. 35 

of lives A, B, C, after any number of joint 

lives, P, Q:^ R, is equal to the value of the 

lives A^ B, C ; le/s the values of all the 

joint lives, arifing from the combination 

of all the lives, in pofleflion with each one 

of Ihe other ; more the values of all the 

joint lives, arifing from the combination of 

all the iiyes, in pofTeflion with each two of 

the other ; lejs the values of all the joint 

lives, arifing from the combination of all 

the lives, in poffeffion with each three of 

the other, ana fo on. 
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TABLE I. 

"For the Valuation of Amuitiei upon one 

Life. 



4fc 



<** 



9 



Your*! 
Parch. 

tmt. 



I- 



9 
10 



Year*s 
Pmch. 

PMw* 



14. 1 
14.2 

14-3 
14-3 
14.3 



12 
13 

}6 

18 

19 

20 



^4-3 
14.2 

14. 1 

14.0 

13.9 



Year's 
Porch, 
at 3/^ 



16.2 
16.3 
16.4 
16.4 
164 



- 



I 



rr3.7 

>3-5 

13.4 
13.2 

13.0 



16.4 
16.3 
16.2 
16.0 

15-8 

15.6 
154 

15.0 
14.8 



18.8 
18.9 
19.0 
19,0 
19.0 



«8 



Yeu't 
Porch. 



21 
22 

23 
24 

25 



19.0 
18.9 
18.7 
18.5 

i8-3b 



26 



27 

28 

29 

o 



12.9 
12,7 
1^.6 
12.4 
12.3 



Year's 

Purch. 

CIKt. 



14.7 

HS 

M4-3 
14* i 

14,0 



Year's 
Purclr. 



^0^ 



18.1] 13. 8 
13.6 

13-4 
13.2 

i3'i 



mm 



i8.i 
17.9 
17.6 
17.4 
17.2 



3» 

32 

33 
34 
35 



12.0 
1 1.8 

II.Q 
1 1.4 

"•3 
1 1. 2 

II.O 

10.9 



i«*«i 



12.9 
12.7 
12.6 
12.4 
12.3 



^m 



Up 



«*• 



7-2 
6.8 

6.5 

6.3 
6.1 



S-9 

5.6 

5-4 

5.0 

4v8 
4.6 

4.4 

4.2 

4.1 
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1 






•^ 



Year's 
Pnrch. 

CitHi 



Yeftr*8 
Purch. 



irMrf; 



Yeo*s 

Pwch. 



36 



10.8 
xj(x6. 



4 
'ro.3 



^ gsaainp 



12.1 
1 1.6 

IX.5 



13-9 
;^3-3 






56 



VaoTt JTcar's frcai^t 
Porch. 'Patch. IPurch. 

M5/^«4^jaMMr 
rm/. k#iif. trM/. 



8.4 

57j 8>a 



5» 
59 



8.t 

8.0 
57.9 



0.1 10. 1 

8.75 9^ 
8.6\ 9^1 

8.4K 9.2 



4|i 

4-3 
44 

4^ 



I-Q.O 
9^94 



.H.4 

M.I 

M.O 



. ^.fr Kl.8 



4|S 9fr7 

47 9-5 

48 . 9Bp4( 

49 9>3< 



i^ 



50 9^2019 



5'' « 

52 . 81 

53 • ^* 
54' 8.6 

55 : 8.5 



K).5 



13.0 

1)2 .& 

12.6 
12.5 
12.3 



>6i 
6a 

^4 



7-4 

7'Z 
7.r 



.IQ.7;K.l 



II.9 



X0.4 1 1.8 

I0.2lfl.6 



9iO| 9.9 LI. 24 

9.8 ^la.o 
9.6 10.7 

) 9.4 IQ'^ 

9.3 JO. 



66 

68 
69 



.21,11.6 69 

.ICK1.4: 70 



6.9 

6.7 
6.6 
6.4 

6.2 



7t 
72 

7J 
74 



«• ^-^r^«v '^4 ^Wh 



SlWW**^"*'!*» 



3^75^ 



6.a 
5.8 
5.6- 

5«4 
5,2 



8.2 
8.x 

7-9 

7:5 



7-3 

7;l 

6.9 

6;7 

6.5 



S.9I 
8.7! 

8-5 

8.3 
8.<i>i 



6.3 
6;r 

5ft 
5.6 



7< 
7J1 

6.9! 



5'a| 5-4 



c6.^. 
• 6.51 
c6.ai 
C5.9) 

5»6^ 



I 

L 
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T A B L E II. 

l?or the the Valuation of Annuities upon 

two joint Li vEs. 



>"t» '■■ 



s 

a 



a Year's 
Purct 



cm/. 



9 



i 



12 






i6 
«7 

10 



Year»».hrear's 
Purch. Parch. 



at 5^ at 4/»-at 3/w 



m>/. ettit. 



1-3 

1.6 
1.6 
1.6 



1-5 
1.4 

Ir3 



o|8 
0.7 

0:5 

0-3 

O.J 



2.7 
2.9 

3-0 

3:^1 



14:4 
14.6 

14-7 
14.7 

14.7 



r 



21 

22 

23 
24 

«5 



Year's 
Purch. 

cent. cent. 



Year's 
Purch. 



Year's 
Porch. 



at4/«^at3/«f 
cent. 



2,9 

2.8 

2'5 
2^3 



2:1 

I.!9 

1-5 
'•3 



14.6 

H-5 

14-3 
14. 1 

J 3-9 



26 

27 
28 

29 
30 



10,0 
9.8 

9-7 

9-5 
9.4 



g.i 

9.1 

8.9! 

8.f 

8.61 



1 13-7 

i3'5 

1 3 -2 
.13.0 

12.8 



3» 
32 

33 
34 
35 



.8.5 

8.3 
8.2 

8.1 

S.O 



II.2 
II.O 

10.8 

IG.6 
10.5 



12.6 

12.4 

12.2 
12.0 
II.8 



10.3 

ID. I 

^.9 

9.8 

9.6 



M 



1 



1 1.6 
1 1.4 
ii.z 

Il.O 

10.8 






9.4 
9.2 

91 

8.9 

8.8 



I 



10.6 
10.4 
10.2 

lO.O 

9.9 
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Is 


Year's 


Year's Ycar*a 


S 


Ws 


Year's 


Year's 1 


|i 


Parch. 


Porch. Purch. 


1 


Pardi. 


Porch. 


Porch. 




at$/«r 


zlj^persx.ifer 




at5/«r 


at ^per 


Sit $ per 


r 


• 


cent. 


€tni. 


c*nt. 


<9 


tent. 


cent. 


centm 




36 


7.8 


8.6 


9-7 


56 


5.6 


6.1 


67 




37 


7.6 


«.4 


9-5 


^Z 


5-5 


6.0 


6.6 




38 


7-5 


l'^ 


9-3 


58 


5-4 


.5.8 


6.4 




39 


7-4 


8.2 


9.2 


59 


5-3 


57 


6.3 




40 


7-3 


8.1 


9.1 


60 


5-2 


5.6 


6.1 


41 


7.2 


8.0 


8.9 


61 


5-1 


S'S 


6.0 




42 


7-1 


7.8 


87 


62 


5.0 


5-4 


S'9 




43 


7.0 


7-7 


8.6 


^3 


4.9 


5-3 


5-7 




44 


6.9 


7.6 


^•^ 


64 


4.8 


5-1 


S'S 




45 


6.7 


7-4 


8.3 

• 


65 


47 


5.0 


5-4 


46 


6.6 


7-3 


8.2 


66 


4.6 


^•i 


5-3 




47 


6.5 


7-2 


8.1 


67 


4-5 


4.8 


5» 




4c. 


6.4 


7-1 


7-9 


68 


4.4 


4.6 


4.9 




49 


6.3 


7-S 


7.8 


69 


4-3 


4-5 


4.8 




59 


6.2 


6.8 


7.6 


70 


4.2 


4.4 


.4.6 


51 


6.1 


6.7 


7-4 


t 

71 


4.1 


4-3 


4.5 




52 


6.0 


6,6 


7-3 


72 


3-9 


4.1 


4-3^ 




53 


5-9 


6.5 


7.2 


73 


3.8 


4.0 


4.2 




54 


5.8 


6.3 


7.0 


74 


37 


3.8 


4.0 




55 


57 


6.2 


^.9 


75 


3.6 


37] 3« 



G 
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TABLE in. 

For the Valuation^ of jinnuities ufon the 
longeji of two Lives. 




r 
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s 


Yci'. 


Year', 


Vct'i 


S Year'. 


Yen'. 


Yeu'i 


i 


Purch. 


Purch 


Purch. 


g Purch. 


Purch. 


Purch. 


> 


«!f" 


■«4>" 


Jij^ 


> ats^rr 


•14?" 


•'3/" 


^ 




CIHI. 




^ 


ent. 


rwr. 


r*M. 


36 


■3-7 


iS.t 


18.I 


56 


II. 2 


12. 1 


134 


37 


13.6 


■5-5 


17.9 


57 


II. 


II.9 


'3-1 


38 


■3-5 


'J-3 


'7-7 


S8 


10.9 


1 1.7 


12.8 


39 


■3-4 


'5-2 


'7-S 


59 


10.7 


II.5 


12.5 


40 


,'3-3 


15.0 


■7-3 


:.o 


10.5 


II.2 


12.2 


+1 


13.2 


14.9 


17.0 


61 


10.3 


II.O 


12.0 


42 


13.1 


'4-7 


16.8 


62 


lO.l 


I0.8 


11,7 


43 


13.0 


■4-5 


■ 6.J 


63 


9.9 


lo.s 


11.4 


44 


ia.9 


'4-j 


16.3 


64 


9-7 


10.3 


II. J 


45 


12.8 


14.2 


16.1 


65 


9-4 


10. 


16.8 


46 


11.6 


14.0. 


'^i 


66 


P 


9-7 


lO.J 


47 


■»-S 


13.8 


15.6 


67 


9.4 


10.2 


48 


11.4 


.3-6 


>J-3 


68 


!-7 


9.2 


9-9 


49 


12.2 


'J-4 


.J.i 


69 


S-5 


8.9 


9-5 


50 


i2.r 


'3-3 


14.9 


70 


8.2 


.8.6 


9.2 


!' 


11.9 


'3-1 


14.6 


P 


8.0 


8.4 


!•? 


;a 


11.8 


12.9 


14.4 


72 


7-7 


8.1 


8.6 


;3 


1 1.6 


13.7 


14. 1 


73 


7-5 


7.8 


8.2 


54 


"•5 


12.5 


13.0 


74 


l^ 


1-S 


7-9 


;5 


11.3 


12.3 


'3-6 


75 


i.g 


7.2 


7.6 



G2 
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TABLE IV. 

For the Valuation of j4nnuities upon three 

joint Lives. 



1? 



Year's 
Purch. 
at 5 
cent* 



perz 



I 



9 

lo 

II 

12 

HJ 

15 

16 

17 
18 

19 
20 



97 

9-9 
1 0.0 

lO.O 
lO.O 

9.9 

9.8 

9.6 

9-5 
9-3 

9.2 
9,0 

8.8 
8.6 
8.4 



Year's 
Parch. 



0.6 
0.8 
0.9 
0.9 
0.9 

0.8 
0.7 

0.4 
0.2 



lO.O 

9.8 

9.6 

94 
9.2 



Year's 
Purch. 

cent, 

1.9 

2.0 
2.0 
2.0 

.9 

.8 
.6 

•4 
.2 

I 

i.o 
0.8 
0.6 
0.4 
0.2 



8 

> 

•8 



21 

22 

23 
24 

25 

26 

27 
28 

29 

30 



Year's 
Purch. 
at^per 
ttnt, 

8.2 

8.1 
7-9 

7.6 

74 

7-.3 
7-1 

7-° 
6.8 



31 

32 
33 
34 
35 



6.7 

6.5 
6.4 

6.2 
6.1 



Year's 
Purch 
at4/Mfu 
tent. 



9.0 
8.9 

^7 

8.1 
8.0 

7.8 

7-7 
7-5 

7-4 

7:2 

7-1 
6.9 

6.8 



Yearns 
Purch. 

3/«1 
tint. 



1 0.0 
9.8 
9.6 
9.4 
9.2 

9.0 

8.8 
8.6 

8.2 
8.0 

7-9 

7-7 
7.6 



i^k 
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S Year's '.Year's 


Year's 


2: 


Year's 


Year's 'Year's 1 


1 :Purch. 'Purch. 


Porch. 


s 


Purch. Purch. 'Purch. 


> 'at 5 ferat 4/rr 


at iper 


> 


at $ /«r at 4/«r at 3 f*r 




^ent. 


cent. 


•s 


tent. ^cent. 


cent. 


36 


6.0 


6.7 


1 

7-4 


56 


4.4 


47 


5-1 


37 


5-9 


•6.5 


7.2 


57 


4.3 


4.6 


5.0 


3^ 


5.8 


6.4 


7-1 


5« 


4.2 


4-5 


4.9 


39 


5-7 


6.3 


7.0 


59 


4-1 


4-4 


4.8 


40 


5.6 


6.2 


6.9 


5o 


4.0 
3-9 


4-3 


4.6 


41 


5-5 


6.1 


6.8 


61 


4.2 


4-5 


42 


5-4 


6.0 


67 


62 


3.« 


4.1 


4.4 


43 


5-4 


5-9 


6.5 


63 


37 


4.0 


4-3 


44 


5-3 


5.8 


6.4 


64 


37 


3-9 


4.2 


45 
46 


5-2 


57 


6.3 


65 


3-6 


3.8 


4.1 


5-1 


5-6 


6.2 


66 


3-5 


37 


H 


47 


5-0 


5-5 


6.1 


67 


3-4 


'3.6 


3.« 


48 


5-0 


5-4 


5-9 


68 


3-3 


3-5 


37 


49 


4.9 


5-3 


5.8 


69 


3-2 


34 


3:6 


50 


4.8 


5-2 


57 


70 


3-» 


3-2 


3-4 


51 


47 


5-1 


5.6 


71 


3-0 


31 


3-3 


52 


47 


5-1 


S-5 


72 


2.9 


3-0 


3-1 


53 


4.6 


5-0 


5-4 


73 


2.8 


2.9 


3-0 


54 


4-5 


4.9 


5-3 


74 


2.6 


27 


2.8 


55 


4.4 


4.8 


5-2 


75 


2.5 

1 


2.6 


27 
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TABLE V. 

Pflr tht Valuation of jhinuUlei upon the 
kngtfi of three Li v e s. 



g 


Y»,', 


Ytti'i Yt«r'. 


^ 


Yeu'. 


Yni-. 


YmV 


1 


P«,d,. 


Purch. Pureh. 


s 


Pmth. 


Patch. 


Purch. 


"Slto 


,Hp,rUjt„ 


> 


"!^' 


«\f 


"S/" 


? 


f"'- 


tent. 


ctrU. 


■s 


rra*. 


ina. 


int.- 


6 


18.0 


21.0 


25.0 


21 


16.0 
16.8 


19-5 


23.1 


I 


i3.i 


21.1 


25-1 


22 


19.4 


22.8 


18.2 


21.2 


25.2 


23 


16.6 


19.2 


22.6 


9 


18.2 


21.2 


25.2 


24 


"65 


19.0 


22.3 


10 


i3j 


21.2 


25.2 


85 


164 


18.8 


22.1 


11 


18.2 


21.2 


25.2 


26 


16.3 


18.7 


21.9 


12 


18.1 


21. 1 


2J-" 


27 


16.1 


'^5 


21.6 


«3 


1 8.0 


21.0 


2J.0 


28 


16.0 


18.3 


21.4 


14 


17-9 


20.9 


24.8 


29 


'5-9 


18.2 


21.2 


>S 


.7.8 


20.7 


24.6 


30 


,j.8 


18.0 


21.0 


16 


.7.6 


20.5 


24-3 


3" 


.5.6 


17.8 


20.8 


n 


•7S 


20.3 


'■K 


32 


15s 


17.6 


20.6 


.817.J 


20.1 


23.8 


33 


154 


204 


to 17.0 


'9 9 


23-S 


34 


iS-3 


'7-4 


20.2 


■9-7 


23-3 


35 


15.2 


17-3 

i 


20.0 
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s 


V»»'. 


Y«r-. 


Year*! 


a> 


¥«»•• lYom'. 


fai. 


i 


Porch, prch. 


Porch. 


1 


Porch. Parch. 




i? 


"S*""4/" 


«t!/" 


^ 


»■!/"«♦/" 


"it- 


? 


«*/. 


IIMt. 


«■/. 


? 


rntf. 


«W. 


Mat. 


36 


I J.J 


.7.2 


19.9 


56 


12.6 


'37 


'^■J 


32 


IJ.0 


17.0 


19.7 


J^ 


I2.J 


13-5 


14.8 


38 


14.9 


16.9 


19.5 


58 


12.3 


13.2 


.I4-5 


39 


14.8 


■ 6.7 


19-3 


59 


I2.I 


IZ.9 


14. 1 


+0 


147 


16.6 


19.1 


60 


1 1.9 


12.7 


.3-8 


ti 


.4.6 


16.4 


18.9 


61 


"7 


12.5 


'3,5 


+2 


14.5 


16.3 


18.7 


62 


"-5 


12.2 


■3-1 


a 


14.4 


16.2 


18.J 


63 


"•3 


11.9 


12.8 


M 


■4-3 


16.0 


18.2 


64 


II.O 


11.6 


12.5 


M 


14.2 


15.9 


18.0 


65 


10.8 


1J.4 


12.2 


46 


14.1 


157 


'77 


66 


10.5 


11. 1 


1 1.8 


*Z 


13.9 


^S-S 


^7-5 


67 


10.2 


10.8 


I I.J 


+8 


.3.8 


iS-3 


■7-2 


68 


9-? 


10.J 


11.2 


+9 


13-7 


ij.i 


17.0 


69 


^.6 


10.2 


10.9 


SO 


■3-5 


14.9 


.6.7 


7° 


9-3 


9-9 


10.J 


S2 


13.4 


14.7 


16.5 


7' 
72 


9.0 


9:6 


ra2 


13.2 


14.5 


16.2 


§•7 


!i 


9.8 


S3 


13.1 


'4-3 


1J.9 


73 


1-* 


9-5 


S4 


12.9 

12.1 


14. 1 


'57 


74 


8.1 


8.6 


n 


SJ 


'3-9 


'5-4 


75 


7.8 


8.2 
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Here follow the praftical Solutions of 
fcveral Problems, depending on tlie fore- 
going tables* 

PROBLEM VIII. 

7o find the value of an annuity for an 

ajjignedlife. 

SOLUTION. 

Look out the given age in table I; and 
againft it,, towards the right-hand, under 
the propofed rate of intereft, will ftand the 
number of years purchafe, which an an-* 
nuity upon that life is worth, 

EXAMPLE. 

Let the given age be iS years, and the 
rate of intereft 4 per cent, then looking; 
againft 18, under 4 per cent. I find 15.2, 
equal the number of years purchafe re- 
quired. 

t 

PROBLEM IX. 

Tfo find the value of an annuity upon two 

ajfigned joint Uveu 

SO- 




^ 
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SOLUTION. 

CASE t 

» 

If the two lives be equal; enter .fab. IL 
yf^kh the cominori age, and againft it yoa 
will have the value required. 

CASE IL 

* - - * • 

If the given ;ages be unequal, but nei- 
ther of them'lefs than 25, nor greater than 
50 years J take half the fum of the two for 
tf niean age, . aind proceed as in tafe I ^. 

CASE III. 

If one or both ages be without the li- 
itaits abovementionl^d, but fo that the diffe- 
rcnqe. of the •values corre^onding to thofe 

ages, be hot more. than — of the lefler; 

let -i of that difference be added to the 
10 

iaid lefler value, and the fum will be the 
^alue fought. 



r « 



.\l M. |."l> I . I ■ ■ ■ I.I - I ■■! I II 1,1 II •■ 



, * This and tli^ fdlloWing Solutions &re fo contrivM, as 
to be always depended on to leis than 4^.^ y^^*! P^"^* 
Aafe, as I fhall Hereafter endeavour to make' appear. 

H Geno- 



■i 
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9 

Geberally, 

Be the deference of the values whit 

it will, multiply it by — the Icflcr of the 

two values, dividing the product h^y the 
greater; then the quotient, added to the 
leiTer value, will give the true anfwer very- 
near. 

ExAMiiz ^Casb I. 

Let the two given age$ be each x8, and 
intereft at 5 per cekt. then in tab. l\. againft 
18, under 5 per feht./A 10.^ years pqr- 
chafe. 

ExAMFLE of" Case U. 

In which the rate of intereft is fuppoied 
as above, and one of the two ages 34, the 
other 48 ; therefore the half lum of the 
ages is 42, againft which ftands 7.1; 

Example of Case III. 

Where, one age i$ fuppoied to be 15 
years, thd other 29 } here agaihft 15 years 
will be found 11. t», and againft 29, 8.8, 
the diiference of wnich two ;^u^ is 2.2, 

and 
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and — thereof, equal to 0.88 1 this there-* 

fore, added to 8.8, gives 9.68, or 9.7, for 
the anfwer. ' 

ExAMPLs of Case IV. 

Let the rate of ihtereft be 4 per cent, and 
one age 1 1 years, the other 68. The values 
correfpondlng to thefe ages, are 12.9. and 
4.6,. their dmerence is 8.3, which miiU 
tiply'd by 2.3. wilt be 29.09^ this divided 
by 12.9, quotes 2.5, which therefore, ad* 
ded to 4.6, the leiler value, gives 6.2, 
equal the value ifou^t. 

PROBLEM X. 

^0 find the value of an annuity upon ti»9 
hves^ that is^ to continue as long as eitbir 
of tbem^f in beings 

SOLUTION. 
CASE I, 

* 

|f the lives be equal, find the given age 
jft tab. III. and againft it, under the pro-, 
poied irate of intereft, will be the num-^ 
f»er of years purchaie required, 

>?« CASE 
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C A S E IL 

If both ages be between 25 and 50, take 
. half their fum for a mean age^ and pro- 
ceed a^ in Cafe I, '/ ' 

r • * 

CASE III. 

If one or both ages be without the li- 
mits mentioned in the laft cafe, but the 
difference of values correfponding to tho^ 
ages^ as found in tab. III. be not more 

than -g- part of the leflerj take half th« 

, fum of thofe values for the value required. 

Generally, 

I^et the given ages be what 'they will, 
Bnd the value of the two joint Ijvcs by 
Cafe IV. Prob. IX. which fiabtradl from 
the fum of the values of tte two fin- 
gle lives, and there will remain the re- 
quired value of an annuity upon the longeft 
life. ^ : . «^ 

Example (?/Case I^ 

« 

Whcrejn tijie fwo given age? are; eap|i 
fuppofed '50 years, and the rate of intere^l 
4 ^^er cent. Here agaiqft -50 ycai^s,, ih 

tab. 
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tab. IIL under 4 per cent, ftands 1 3. 3, 
fticwing the number of years purchafe, 
which an annuity, is worth for two fuch 

lives. 

E?: AMPLE ^ Case II; 

Suppofc onp age 30 yearp, and the other 
46 ; then, the half fum of the ages will be 
38, anfwering to which, \xii^ti A^per cmt. 
ftands 15.3. ' ■ 



f I 



Example of Cass III. 

Let the two propofed ages be 6, and 2J 
years; then againft 8 years will be 19.7, 
and againft 2|, 18.2, the half fum where- 
of, is 18.95, equal to the number of years 
purchafe required. 

Example ^Cask IV. 
«• . . • 

Let one age be 1 1 years, thp other 68, 
and the rate of intereft as in the preceding 
examples. Then the value of the two 
jpint lives, by Cafe IV. of the laft Pro- 
blem, will be found 6.1, and the values of 
the fingl? liyes, by Problem VIII. equal to 
16.3, and 6.7, the fum of which two, de- 
creafed by 6.i, is 16.9, equal to the value 
requifcd. 

2 PRO- 
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PROBLEM XL 

T» fiti the value of an annuity upon tbfet 

joint Uveu 

^OLt;TION. 

c: A s R I. 

« 

If all the lives be equal; find out the 
^ven Age in tab. W. and againft it, under 
the propofed rate of intereil, will be the 
number of years purchafe required* 

C A S E 11. 

}f all the three ages be between 15 
and 55 years, and the difference betweea 
the grealeft and leafl of them not more 

dian 15 years, take — part of their {wax 

fiat the mean age. and proceed as in 
Oifel. 

CASE III. 

If ' ontf 6t more c^ the |Mpoie4 ages 
be without die litmi, mentioned in die 
Uk ankle, but the difference of the va- 
lues anfwering to the gre^ teil aod leaA: 

of 
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of them^ iK>t greater than half the leaijl; i 
then to the fiim of the two greatiepr 

values, add twice the leaft. and take «^ of 

4 

the fum ion a mean value reqniced. 

Cenerally^ 

Be the> ages what they will^ multipljf 
the fum of the three pdrr^fponding Ta^* 
lues, by the fquafe of the ieaft of ^em, 
referving the product; maltiply the two. 
greater values, into ^ch other, an4 t(| 
the double of the produd, add the fqoare 
af the leiTer value j divide the referved pro* 
duA by this ium, and fttbtra(% the quo* 
tient from twice the lefler value; the re* 
fnk will be the value fought, 

E X A M P L E £f C A S E I. 

Let each age be 35, and the rate of 
intereft 3 per cent, then in tab IV« againil; 
35, under ^per cent, ffainds 7.6, whidh k 
tiie number of years purchafe that aa an« 
nuity is worth for the three joint lives. 

• 

RxAMFLi^ of Case U^ 

Let the three given ages be 20, 2y^ aadt 
33 years. Here -j of the ages will be z6^ 

CQnt£- 
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cbrrclpohding to which, under 3 per cent: 
ihnds 9.0, 

Example of Ca$e III; 

Where the propofed ages are 7, 15; 
and 33 years; againfl: thefc fland 11.9,. 
I.I. 2, and 7.9, therefore the fum of the 
two greater values is, here, 23.1 ; this added 

to twice the Icffer, gives 38.9, the — of 

\frhich, or 9.725, ' is the value fought. 

Example ^Case IV; 

Let the three ages be 1 3 , 3 1 ~, and ^y 

J rears, and intereft 4 per cent, then the va- 
ues anfwering to thofeages, will be 10.5,' 
7.3, and 5.0 ; the fum whereof is 22.0, 
whicb multiply'd by 25, the fquare of the 
kaft of them gives 570, to be referved: 
Again, the two greateft values multiply'd 
into each other produce, 76.65.', the doii^' 
ble of this added to 25, tne f(juare of^ the 
leaft v^ill be 178.3, by which dividing 570, 
the referved produA, there comes out 3.2 ; 
this fubtra£tc»i firom 10, the double of the 
leafl value, leaves 6.8 for the yalue re- 
iqwred. 

PRO- 
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PROBLEM Xn. 

io find the value of an annuity upon tbi 
longeji of three lives^ 

S d L U T I O N. 

C A S E 1/ 

If the lives be all equal, feek the com- 
mon age in tab. V.' and againft it, under 
the propofed rate of intercft, will be the 
number of years purchafe required* 

CASE ll 

,« ■ ■■ , 

If none of the ages be lefs than io^ 
nor grea&r than 60 years, and the difference 
between the greatclt and Icaft of them 
Aot more than 1 5 years, to twice the lum 
of the two leaft add the greateft, arid take 

-^ part of the fum as a mean age. 

CASE III. 



. If the difference of the greateft and 
Icaft values, foiind againft the propofed 

ages in tab/ V. be not more than — of 

the leaft ; then, to twice the fum of the 

X two 
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two greatcft values, add the Icaft s taking 
~ part of the fum for a ;»«« a? jiSsr^. 

Generally, 

Find the value anfweriilg to the great- 
eft of the given, ages in tab. III. and the 
values correfponding to all the three feveral 
ages in tab. V. and let the difference of 
the two values, anfwering to the greateft 
age, be taken and refcrved ; let the fquare 
of the greater of thefc two, be divided by 
the produft of the two other remaining 
values 5 multiply the fijuare of the quotient 
by the referVcd difference, then this laft 
produdt,^ added to the value of an annuity 
for the two youngeft lives, will be the va- 
lue required. 

Exampleo^CaseL 

Let the three ages, be each 35 years, and 
intereft 4 per cent, theii in tab. V. againft 
35, under 4 per cent, ftands 17.3, for the 
number of years purchafe required^ 

Example o/'Case IL 

Let the propofed ages be 16, 24, and 30 
year&, theft will the mean age be 22 years,, 
and the number of years purchafe inquired 

1(^.4. 

' Ex. 
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Example ^Case^ IIL 

Suppofe the three ages to be 28, 3 j, and 
44, then the three correfponding values 
will be 18.3, i7-3> and 16.0, and there- 
fore twice the fum of the two greater 
added to the leflbr, is 87.2, which di- 
vided by 5, quotes 17.44 for the anfwer. 



Example ef Case IV. 

Let the given ages be 20, 36, and 
6O5 and intereft as in the preceding ex- 
amples : Here, the value found againft 60 
years in tab. III. is 11.2, and thofc againft 
20^ 36, and 60, in tab. V. 19.7/ 1/.2, 
and 12.7, reipeftively 5 wherefore, taking 
11.2 from 12.7, we have 1.5 for the diffe- 
rence to be reierved: Now the fquare of 
12.7, divided by the produft of 19.7, 
»nd 17.2 is 0.5, the fquare of whicn, 
multiply 'd by 1.5, the referved difFc^ 
rence gives 0.375; ^^^^ added to 17.0, 
the value of an annuity for the two 
youngeft lives (as determined by Cafe IL 
Prob. X.) will give 17.375, or 17.4 for the 
number of years purchale, which an an* 
ijuity \% Ayorth upon all the three Uves^ 

I 3 KE^ 
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R E M A R JfC. 

That the reader may not entertain any 
fcruple concerning the exadtnefs of the me- 
thods of Solution hitherto laid down, for 
eftimating the values of annuities upon 
two or more unequal lives, J (hall here, 
according to my promife, endeavour to 
make it appear, that thofe Solutions may 
be always depended on, as very near the 
truth. In order to this, it will be requi- 
fite to Fcfume the two hypothefes laid down 
in Corol. 11. and IV. Prob. I. wherein the 
probabilities of life are fuppofed in a geo- 
jnetrical, and in an arithmetical progrcffion ; 
and to compare the values of equal fidliti- 
ous lives, computed according to thofe hypo- 
thefes, with the cprrefponding values in the 
tablejs^ for real lives, computed from a(ftual 
obfervations,and then tocpnfider from thence, 
how the values ought to differ in lives that 
^re unequal. Accordingly, let the value of 
each of the equal lives, whether confidered 
as real or fi<iitious, be fuppofed equal to 
any number pf years purchafe, as 7, 8,' 
p, 10, II, 12, 13, 14, aiid 15, fucceffive- 
jy, and let the rate of intereft be at 4 
per cent, then will the correfponding va- 
lue, of two equal joint lives, be as in the 
following little table, whereof the firft eg- 
. Jumn exprcfles the value* of each ©f the 
^ fingle 
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iingle lives, and the 2d, 3d, and 4th cp- 
lumns, the value of the joint lives, accord- 
ing to obfcrvations, and the two forelaid hy- 
pothefcs refpeAively, 



Value 


Value of 2 


Value of 2 


Value of ^ 


of one 


JQint liveSy 


joint livesy 


joint lives. 


fingle 


per tab. 


per I ft hy- 


per 2d hy- 


life. 




poth. 


poth. 

i 


7 


4-7 


3-9 


4.9 


8 


5-4 


4.6 


5.6 


9 


6.1 


5-3 


6.4 


10 


6.8 


6.1 


7-i 


9 

II 


7:6 


6.9 


7-9 


12 


8.5 


7.8 


8.8 


13 


9-5 


8.7 


9-7 


H 


10.5 


?•? 


id.6 


?5 


ii.S 


10.6 


1 1.6 



Now, by infpefting this table, we may 
obferve, firfi, that the value of the jpint 
pves, according to the laft of the two hy- 
pothefe;, is a fmall matter greater than the 
value of the fame lives, as deduced from 
real obfcrvations, but never by more than 

about — of an year's purchafe ; and fc- 

condly, that, on the other hand, the va- 
lue of the joint lives, according to the firft 
hypothefis, is always lefs than the true va- 
lue deducJbd from' obfcrvations, and that 



* •* 



at 
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at Icaft by -2^ of a year's purchafe. Hence 

WC nuy infer, that the probabilities of life, 
as given in the table of obfervations, do 
not come fo near a geometric progreffion, 
as to an arithmetic one (which, in fonie 
meafiir?, sipp^ar^ from the table itfelf) and 
confequently that the value of an annuity 
upon real lives, whether equal or unequal, 
will differ little from the value de- 
rived from the laft hypothefis, but.fome- 
thingmore from the former. Let us, there-- 
fore, now fee what the differences will be, 
in two unequal joint lives, by the general rule 
before given, (in Prbb. IX.) from whence 
we (hall be enabled to judge of the exadt- 
nefs of that rule. What thefe differencfes 
are, may be feen by the following ta- 
ble, which exhibits the values of the joint 
lives, according to each of the three fore- 
faid ways ; wherein the value computed by 
the rule^ compare3 with thofe derived from 
the hypothefes, appears to agree fo exadly, 
throughout the whole table, with what has 
been above obferved, with refpeft to the true 
value, as to fufficiently prove, that the rulq 
it felf muft be very near the truth. But 
if this rule be near the truth, the two 
particular ones preceding it, muft be fo too, 
being fo contrived, as to always bring out 
pearly the fame value with the general one ; 
but with this difference, that, as the general 
2 , pne, 

« A A— ^^ 
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one, for the moft part, gives the anfwef a 
little too fmall, the firft erf thefe always 
makes it a littk too great ; the' neither of 

them fcarce ever err, by more than ^ of a 

year's purchafe. 



Valiies of 
the two 
fingle lives. 


Value of 
the two 
joint lives, 
per rule. 


Value «r 
the two 
joint lives, 
per firft 
hypoth. 


Value of j 
the two 
joint lives« 
perfectiud 
hypbtA. 


6 and 8 
6 10 
6 12 

6 14 
6 16 


4v? 
4.8 

5-2 

5-4 


3-8 

4.6 
4.9 

5-2. 


4.7 
5.0 

5-2 

5-4 


8 10 
8 12 
8 14 
8 16 


6.0 
6.4 

6.9 


5-3 
6.1 

6.7 


6.1 

6-7 
7.0 

7.2 


10 12 
10 14 
10 16 


8.0 

8.4 ' 


6.8 

8.1 


7.8 

8.3 
8.7 


12 14 
12 16 


9-3 
9.9 


8.6 
9.4 


9'S 

lO.l 


14 16 


"•4 


10.6 


11.5 



In 
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In the fame manner it may be m^d^ 
to appear, that the other rules for three' 
joint lives, and the longefi of two or three 
lives, are likev^rife very near the truth, but 
I fhall content my felf her?, with giv- 
ing one or two inflances, in annuities 
upon three joint lives. Let there be three 
equal lives, and the value of an annuity 
upon each of them 14 years purchafe; 
and intereft at 4 per cent, then , will the 
value of the joint lives, by tab. IV. come 
out 8.3, but by the two hypothefes, 7.3, 
and 8.5, refpeftivcly. Again, let the lives' 
be fuppofed very unequal, fo as to be worth 
6, I o, and 1 6 years purchafe, then will the 
value of the joint lives be^ by the general 
rule, 4.5, but according to the hypothefes, 
^.84, and 4.63 5 which examples, agreeing- 
fo well with each other, and with what 
has been abovefaid, tend greatly to evince 
the accuracy of. the rules, or, at leaft, to 
fhew that they are confiftent with the ta-; 
ble of obfervations. 



F 




Annuities upm lAvcs, 65 




O F 



REVERSIONS. 



, PROBLEM XIII. 

TO find the value of the Rsverfim of 
one life after another. 

SOLUTION- 

From the value of the life in expeAa*^ 
tion, fubtra£t the value of the two joint 
lives, or from tl^ value of the longeft oi 
the two lives, fubtrad the value of the life 
in pofTeflion ; the remai(ider, in either cafe, 
wili be the required value of the Re« 
vcrfion *4 



V. 



* This and all the following Soladons, rdating to Re- 
trerfionsy are univerially true, be the probability of life what 
it will, as appears from Prob. IV. V. afkl VI. they beine 
jwthiag more than tht saoft itfafid Cafta of tjic gneni 
fThcttenu there ^ven. 

K EX- 
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EXAMPLE. 



Suppofe the age of the life In pollcffion 
to be 68 years, and that of the life in ex- 
pedlation 1 1 years, and intereft 4 per cent. 
then the values of the two joint lives, by 
Cafe IV. Prob.IX, will be 6.1, which 
fubtraded from 16.3^ the value of the life 
in expedation, leaves 10.2, for the value 
of the rcvcrfion j but if the youngeft life 
had been in pofTeiGon, the value of the Re- 
verfion would have been only 0.6. 

PROBLEM XIV. 

"To find the lvalue of the Reverfion of tWB 

Iwei after one. 

SOLUTION. 

From the value of the three lives^ fub- 
tradl the value of the life in pofleffion; the 
remainder will be the value of the two lives 
in Reveriion. 

« 

EXAMPLE. 

LiCt theage of the life in pofleffion be 50 
yearS) and thofe of two lives in reverfion, 

45 



f 
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45 and 56 years, and intereft at 4 per cent. 
then the value of the three lives, by Cafe 
II. Prob. XII. will be 15.1, from which 
fubtrafting 10. i, the value of the life in 
poffeffion, there remains 5.0, for the value 
required. 

PROBLEM. XV. 

I'o find the value of the Heverfion of one 

life after tivo. 

SO LUTI O N. 

From the value of the three lives, take 
the value of the two lives in poffeffion, 
there will remain the value of the life in 

reverfion, 

EXAMPLE. 

Suppofe 18 and 26 to be the ages of the 
two lives in poffeffion, and 32 that of the 
life in expeAation, and intereft at 4 /^ r^Tf/. 
then the value of the three lives, by Cafe 
II. Prob. XII. will be 19.0^ from which 
fubtrafting i8.o, the value of the two lives 
in poffeffion, there remains i.o, for the va- 
lue of the reverfion. 

K z PRO. 
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PROBLEM XVI. 

J 

7o find the value of the reverfian of ^w 
life after two joint lives. 

SOLUTION. 

From the value of the life in expciQa- 
tlon, fubtradt the value of the three joint 
liveSy there will remain the value of the 
life in reverfion, 

EXAMPLE- 

Let the age of each of the three pro-* 
pofed lives, be 21 years; then the va* 
lue of the Aree joint lives, by Cafe L 
Frob. XL will be 9.0, v^hich fubtra£ted 
from 14.7, the value of the life in ex* 
peAation, leaves 5,7^ equal the value of 
the reverfion^ when intereft is at 4 per 
tent^ 

PROBLEM XVn. 

tr* find the value of the reverjm of tW9 
joint lives after one. 
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SOLUTION. 

From the value of tTic two joint live$, 
fubtraft the value of the three joint lives; 
the remainder will be the value of the 
rcverfion. 

EXAMPLE. 

Suppofe the age of the life injpofleiBon 
to be 16 years, and the ages or the two 
joint lives in rcverfion, each 28 years; 
then the value of the two joint lives will 
be 9.9, by Cafe J. Prob. IX. and that of 
the three joint lives, 8.5, by Cafe IL 
Prob. XL the difference of which, or 
14, is the value of the reverfion; intereft 
bdng 4 per cent. 

PROBLEM XVIIL 

Suppofing two per/bns^ A, B, (o be equalfy 
in pofTeJ^ of an annuity^ which after 
the aeceafe of either of them ^ is to Se^ 
long entirely to the Jurvivor for life: 
To find the value oj the Jbare of each 
in that annuity. 

SO- 
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SOLUTIOR 

FtOTi the value of the life A, or B, 
fubtraft half the value of, the two jmnt 
lives ; the remainder will be the valuer of 
the (bare of A, or B» 

EXAMPLE. 

, Let the age of A be 1 8 years, and that 
of B, 29 years, and the rate of intereft 4 
per cent, tnen the value of the life A will 
be 15.2, and the value of the life B 13.2, 
from each of which fubtradting (5.3) naif 
the value of the two joint lives, there 
will remain p.o, ^ind 7.9, equal to the two 
values requirecL 

r 

PROBLEM XIX. 

A and B enjoy an annuity ^ to which a 
third ferjon C, after the deceafe of A, 
is to have the file right of pojjejfimfor life^ 
provided B be tben extin^; otherwife 
it is to be equally divided befmeen him 
and B, during their joint lives ^ and then 
to belong entirely to C, for life, if he be 
the loft furvivor : To find the value of the 
tight of C in that annuity. 

SO- 
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SOLUTION. 

From the value of the life C, fubtraA 
half the value of the two joint lives B, C, 
and from the value of the two joint lives 
A,.C, fubtradt half the value of the three 
joint lives A, B, C, take this laft remainder 
from the former, and the refult will be the 
talue fought. 



DEMONSTRATION. 

Let the annuity be i L, r the rate of 

intereft, and a^ b^ c^ &c. tf, ^, r, C^c* the 
probabilities of living i, 2, &c. years, as 
in the foregoing propofitions. Novv the ex- 
pectation of C, upon what he may happen 
to receive at the end of any year (fuppofe 
the firft) may be confider?d in two parts, 
as depending on two different events -, for 
firft, if C be the only perfon of the three 
then living, of which the* probability is 

rx 1 — ax 1— ^, he will be intitled to the 
whole year's rent, or i L, therefore his pre- 
fent expectation thereon, diicount being al- 
lowed, is c xi-^a XI — bx ^ . Secondly, he 

and B may happen to be living, and A 

only 
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only extind, in which cafe he is to receif e 
only — of I L J therefore, the probability 

of this being c6x i— tf, his expeflation in 
this cafe will be r ^ x i— -^x x ~ : Hence, 
by adding thefe two values together, we 
have c x i—^ x i — 6 x — + r A x i — a x — 

r zr 

^ ^ J^^^ t^ for the total expec- 



'"^ r zr r 

tation of C, upon what he may happen 
to receive at the end of the firft year* 
And, from the very fame manner of rea- 

Ibning, it will appear that -4 ' 



%r^ 



f i 1 J I 
ab e • 



•-^— HK— 7 is the value of the expeda- 

tbn of C, upon what he may happen to 
receive at the end of the fecond year, &c. 
Therefore the total expedition, of prefent 
value (£ all the fums that C may happen to 
receive from time to time, is 

I e e b c a , abe 



r zr r Zr 

f 1 It • '/ « 

€ c b € . mbc 



9 II If 

tfj* i- « n - I T . mmm 



2r* r* zr* 

up » n npn 

e b ie a , mbc 



r» zr^ -^ r* - zr^ 



Qut 




.1 



(v^ 



Anntiities upon Lives. 73 

$ut (-^ ■+• ~ -h ~, Q?c.) the fifH column 

towards the right-hand, as appears frcnn 
Prob. !• expr^ifes the value of an annui^ 
upon the life C 3 and the (econd colum^ 

-^, &C.J half the value of the 

fame annuity upon the two joint lives 
B C, and fo on ; whence the truth of the 
Solution, is manifeft. — Sy proceedkig ac- 
cording 10 this method, the vakie of any 
rcverfiow, however complicated, may bfe 
determined. 



PROBLEM XX/ 

A, ft, C, agree amofi^ themfehes to puf^ 
cbi^ ^n atmuity^ to be equaliy divided 
between them whiiji they Jive together^ 
tb&tt to be divided equally between the twp 

. JiirvivorSy then to behng intirely to tBe 
4^ funsivnr for life: Tojind mjat each 
ferjon ought to contribute towards ^ 
pur chafe. 

SOLUTION. 

Prom tb€ safaie of ^ lile A lake haH 
the fum of th^ values of the joint lives A, B^ 

L and 
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and A, C, and to the remainder add — 

of the value of the three joint lives A, B, C, 
the fum fhall be the value vrhich A ought 
to contribute ; and the like will hold vrith 
regard to the lives B and C. 



DEMONSTRATION. 

The cxpeftatipn of A, upon what he 
may happen to receive at the end of one 
year, may be confider'd in four parts, as 
depending on fo many different events; 
for, firft, A, B, and C, may be all living, 
the probability whereof is abc^ in which 

cafe he is to receive — of the year's rent^ 

or — of I L 5 therefore his expectation on 

this event is-^^. Secondly, A and B 

may be living, and C extin dt, the proba- 
bility whereof is ^^x i — c^ therefore oa 

this event his cxpedation is . 

Thirdly, A and C may be living, and B 
cxtindt, on this event his expedation is 



y X i-^ ^ Laftly, A may be the only per- 
fon then living, upon this the expedation 
will be txi-^xi-^c ^ therefore, by adding 

aU 



> * 
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all thefe four values into one fum, we have 

for the total va- 



aB ac abe 



r 2r 2r 3 r 

lue of the expedtation of A, upon what he 
may happen to receive at the end of the 
firft year; from whence, by following the 
fame method of reafoning, as in the laft 
propofition, the truth of the Solution will 
appear evident. 

In like manner may the fliarc of A be 
determined, be the number of perfons con- 
cerned in the purchafe ever fo great, fup- 
pofing the annuity to be always equally di- 
vided among the furviving lives 5 for let P 
exprefs the value gf the life A {viz. the 
value of an annuity of i L for the life 
of A;) Q^.the fum of the values of all 
the Joint lives, arifing from the combina- 
tion of the life A, with each one of the 
other 5 R the fum of the values of all the 
joint lives, arifing from the combination of 
the life A, with each two of the other; 
S the fum of the values of all the foint 
lives, arifing from the combination of the 
life A, with each three of the other, and 

fo on 5 then will P — ^-f- ^ ~ -+-, 

« J 4 5 

&c. be the Value which A ought to con- 
tribute. 



L 2 PRO- 
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- PROBLEM XXL 

l^upj^finz ^^ given number of lives P, Q^R, 
and that A^ $r his Heirs^ are to receive 
tbefum S upon the firfi vacancy of any 
of thefe lives : To find the value of A*s 
expectation inprefent money. 

SOLUTION. 

Multiply the given fiitn by the value 
of an annuity for the Joint lives j^, Qj^R, 
and divide the produdt by the value of 
tlic fame annuity for ever; fubtract the 
quotient from the given fum, and there 
wiH remain the value fought. 

DEMONSTRATION. 



Let £ be the value of an annuity for 
4lver (1. e. the nmriber of ywrs purchaiti 
it k ^^rdi) and P the vahie of an tmiuity 
Ibr the propofed joint Kves ; thcf elbre^ fec^ 
lAg tl^ valtie of Ae reverfion for ever^ 
filter the joint lives P, Q^^R, to be rer 
cetved as foon as one of thofe lives be- 
comes cxtin<a, IS to the fum (S) to be 
received at the lame time, as E to S, the 

preient 



^ 



Annukies ttpon Lives, y^j 

prcfent value of that reverfion, muft, con- 
fequently, be to the preitnt value of this 
fum, in the fame ratio of £ to S ; but 
the prcfent value of the reVerfiori is koiiown 
to fae E — P, thcrejfbre that of the faiii S 



villhe^xSzeS — ^. Qj:.a 



EXAMPL$: 

Let the number of livfs >e 3^ ^Mf 
ages each 27 years, the ratp of if^oircft 
4 per cent, and the propofed fum 100/. 
then the value of ^n apmjity for the joint 
lines being (by the table) -8 years pur- 
chafe, and the value of an annuity for 
ever 25 ycafs purcbafe, we fhaft, by mul- 
tiplying ioo/« by 8, and dividing tnepro^ 
du£fc by ft 5) have 32/. which fttbtra^eiil 
frMA ICO A will leave 6S/. fbr^eprefent 
value of looA to be received at the firft 
vacancy of tbe three propofed lives* 

PROBLEM XXII. 

S^tH^ « ^vm fim % to kt dtfmJiitg, 
Jq as not t9 iecom 4u« tUl tht litm 
^i Qi?-* &c:> art 4ii Mtitt^ i W/ tt f t i ' 

red fjnd tk vokit^ Attfim m ^ 
Smt mum, 

SO- 
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SOLUTION. 

/ 

Multiply the given fum by the value 
of an annuity for the longeft of the pro- 
pofed lives, and divide the produ<£t by the 
perpetuity ; fubtradt the quotient from the 

g'ven fun), and there will remain the va- 
c required. 

The reafons of this Solution will appear 
evident from the method laid down in the 
laft Problem. 

REMARK. 

In what has been hitherto laid down, we 
have had regard to fuch annuities as are 
paid yearly, but if the payments are to be 
made every half year, which is moft com- 
monly the caie, the trae value at which 
the purchafe is to be eftimated, ought to be 
a little increafed ; and therefore it may not 
be improper to confider here, how much 
that increafe will be. In order to which, 
let £ denote the perpetuity, or the value 
of an annuity for ever, and P the value 
of the feme annuity for any number of 
lives; then, fince that life, upon whofe 
failing the annuity ceafes, has the fame 
chance yery nearly, to drop in the laft as 
in die firft half of the year, it is manifeft 

that 
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that the purchafer ha^, in this cafe, an 
equal chance to receive half a year's rent 
more than when the annuity is paid yearly j 
and therefore the fum that ought to be al- 
lowed as an equivalent, for this, to be paid 

upon ceafing of the annuity, will be — 

of a yearns purchafe, or — L, of which 

fum, the prefent value will, by the laft 

Prob. be — g-s but this is not the only 

advantage the purchafer has in this cafe $ 
for, befides this, he has the ufe of the 
ift, 3d, 5th, &c. half years rents each 
l)alf a year ^ the value of which confide- 

ration, fince the intereft of — L, for half 

a year, is to 1 L, the whole fum received 
in that year, in the conflant proportion of 
I to 4 E, will, it is manifeft, be to the 
prefent value (P) of all the fumsthat may 
be received from time to time, in the &me 
conflant proportion ; and therefore is equal 

P ' E— P 

to —gj which added to — g-> above ibun^^ 

gives — L for the whole value required. 

Hence it appears, that be the rate of in- 
tereft and the number of lives what they 
will, the difference of the values of two 
equal annuities, arifing from the rents of 
€ne being paid yearly^ and the other half 

yearly^ 
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yearly, wDI in all cafes be — of a year^^ 

imrcfaftTe ^ and in like manner, it wUf be 
£Mnd, that the dsfferonce of the values 
of two annuities, upon account of the rente 
of the one being paid yearly, and the otber 

quarterly, will, in all cafes be -|< of a 

year's purchafe very nearly. 

Froni lie fame metlfbd of proceedings 
may Ac cfiflference between the value of 
aa anouity payable in money, and the va* 
tttc of »i eftate in lasid, where ifae pisir-> 
dhafer ct^y$ it, by an afiiul pofiemon, 
t0 fhe laft moments of life, be detemii^p- 
ned; for, iinoe it is an equal chance whe« 
ther the fife on which the eftate laft de- 
pends, drops in the former or latter half 
of the year, the purchafer may be fuppo- 
fed, in this^ cafe, to enjoy an annuity half 
a yeaf longer, than he who is paid in mo- 
ney yeariy, and intircly lofes the laft pay- 
ment, if he cfies but one cfey before it tle- 
. pomcft due ; and l^eitfve the prefent va- 
lue of this coniideration, by the laft Prob. 

will be -^ X y ; whence it appears, that 

If from the perpetuity you fubtradt the va- 
lue of an annuity payable in money, and 
•divide the remainder by . double die pcipe* 
tttitjjr, the refiilt will be the parts of a 
year's purchafe, exprefling the difference 
of values required. 

This 
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This is trae, when the value of the e- 
ftate is to be eftimated from the yearly 
rent it would produce, or when the pof- 
feflion for one whole year is exadlly equi- 
valent to I L, to be received at the end of 
that year J but if the eftate, when let, will 

bring in 4- L every half year, then there 

being the advantage of the intereft of the 
ift, 3d, 5th, &c. payments, , for half a 

year each, the value — g-, above found, 

p 
ought to be iacreafed by — g-, which will 

I p 
bring it to g-, for the difference 

required here, which in moft real cafes 

will be = -|- of a year's purchafe very near.. 

Hence we may conclude, that if to the 
value of the annuity, as found in the ta- 
bles, be added— of a year's purchafe, 
when the rents arc to be paid half-yearly, 
or -^- of a year's purchafe when they are 

to be paid quarterly, or the purchafe is in 
l^d 5 the fum will give the value of the 
annuity in thofe cafes refpedlively. 



M PRO^ 
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PROBLEM XXIII. 

^bere is an ejiate^ which, if A, the prefint 
pojjejfory happens to die in a given ttme^ 
or before he attains to a certain age, is 
afterwards to belong to B, and his heirs 
Jor every to find the value af B'i ex^ 
pe^ation. . 



S O L U T I O R 

The expcftation of 3 may be confideredf 
in two parts, one with regard to what he 
may receive during ithe propofed term,, and 
the other with regard to what he may. re- 
ceive after that term is expired ; the for- 
mer of which, as all the rents that become 
due in that terrti, will belong either to him 
or A, mufty it is manifeft, be equal to the 
difference between the value of an an- 
nuity certain for {n) the number of years 
in the faid term, and the value of ano- 
ther equal annuity for the fame number 
of years, as depending on the contingency 
of A's continuing alive to the end of that 
time ; but the latter part of B'^s expectation^ 
lincc the whole eftatte is to belong to him 
and his heirs for ever, if A fhould happen 
to bp extindt at the end of the aforefaid 

term. 
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tcnn, will be the value of the perpetuity 
to be received n years hence, multiply'd 
by the probability of A's not living to the 
end of that time ; wherefore, if this pro- 
bability be denoted by P, the perpetuity 
by E, and the prcfent value of i L, due 

n years hence, by m^ and r\ a^ a^ <7, &c. 
be fuppofed as in the preceding propofitions, 
it is evident from what has been abovefaid, 
that//»£ 



H 1 — i + "7 + r;H — T'^ i> ^^* 

r r r* r* r* r*' 

/ urn ttff iitit 

n a a a a a 



r r' H r+ r* r^* 



~. ^C. 



or, fm'Ss^ 



I n m 

a a a a 



will be the total value of B's expedition j 
where each feries is to be continued to as 
many terms, as there are units in n. But 
as the finding and adding together thof6 
terms, when their number is great, may 
fccm to re(](uire too much labour for com.-r 
mon pr^dticjc, I have deduced the follow-* 
ing role thereifrom s which, being applica-i 
ble to the tables, gives thc^ true aofwec , 
vrithoat apy great trouble^ 

M a RULE, 
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RULE, 

From the perpetuity fubtraft the value 
pf a life of that age, to which the e3cpec- 
tation of B is limited, and multiply the 
remainder by the probability that A live§ 
to that age, and this produd again ^ by tbc 
prefent yalue of i L^ to be received at the 
tend of the given term ; to this laft prpdu<3t 
add the value of the life A, in ppfleflion, 
and take the fum ffom the perpetuity, an4 
|;here will remain the yaliie reauired^ 

p X A M P I. E, 

Let the age of A be 8 years, and intereft 
at 5 per cent, and let B be intitled to aa 
cftate for himfelf and heirs fpr 6ver, upoi^ 
the deceafe of A, if A ijiould happen to die 
before he attains to twepty-onp 5 then the 
yalue of a life of twenty-one will be I2,9. 
which taken from 20, the perpetuity leave^ 

7.1, this multiply*d by ■^^, the probability 

of a perfpn of the age of 8 living to 21, 
gives 5.97, which multiply'd by 9.53, the 
prefent value of i L to oe received n years 
iience, will be 3.16, this added to 14.3, 
(he value of the life A^ giws 17.46, whicK 
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|ai9, deduj^od Som the pecpotui^f , kav»s 
g.54, for the vftlue pf B's cxpefitatioo, 

which is little more than 2 — year's pu^- 

FROBLBM XXIV. 

Q^expeBs (in eftate for hitnfelf and k^rs 
for e^er^ after the extinffion of a gi^ 
foen number of lives A, B,. C, provided 
this happens in a given number (n) of 
years ; to find at how much the value 
pf Q^ expeSlatipr^ js to be fjiimated. 

s o I, y T I o R 

Let every thing be as in the preceding 
problem, only let P here denot? the 
probability that all the lives A, B, C, G#^> 
drop in n years; then by following the 
very fame methpd pf rgafpning, there 
kid down, \t will appear that p mE 

— J — - — ''^~r '■ 7 T 

H , &C. +- ~, &C^ 
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lue of B's expe Aatiori ; where the feries is 
to be continiie4 to n terms. 

Nate^ the foregoing feries, in cafe of two 
or three lives, might be referred to the ta^ 
bles, as that in the laft Problem was, but 
the Advantage gained thereby, in computa* 
tion, would not be fo confiderable. 



OF 
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SUCCESSIVE LIVES. 



PROBLEM XXV. 

SUppofing A to enjoy an annuity for Hfe^ 
and at bis deceafe to haw tie nomi^ 
nation of a Succeffbr^ who is Ukewije /a 
enjoy the annuity for bis life*, tofmdtbt 
frefent value of tie two Succejkoc Lives. 

SOLUTION- 



Let the value of the life A, in poffi^flioQ, 
be denoted by P; and let the (lie to bt 
ut in nomination, at the deceafe of A, 
fuch, that the value of an annuity 
granted thereon, may be equal to Qt^and. 
let D be the required value of the two 
liv^, and £ the value of the annuity for 

ever. 



K 
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ever, and let r, ^ , ^ , //, Gfr. be as in the pre- 
ceding proportions. Tliercibre, fince the 
Iprobftbuity that the firft life fails, or that 
the fecond comes into pbfleffion, the firft 
year is i— tf; and as the total value of 
what the fecond life will be intitled to at 
the happening of this event, is Q^the 
expectation on the fecondj upon the con- 
tingency of coming into poffeflion the 

firft year, will, k is evident, bei*— /ixQv^ 
Moreover, becaufe the probability that the 
iecond life comes into pofTeffion the fecond 

year is c— tf , the expe^tion on the whole 
value of the annuity, upon the probability 
of enterif^ into pofTeffion the fecond yeaiv 
fdifcount for one year iMSitig ailow'd) wilt be 



X Q^ And after the fjime rtniniier will 
the expe(ftatioris, upon the 3d, 4th, 5th, fSc. 

■■■HBaM* ^^^aaa*^ •^■■^■mm 

years, appear to be — — ^ —-j — ^ — _—, 
tSc. reipedively ; therefore the fum of all 



n III 



Ihefei or Ox 14.^^+4+44- ~'&c. 



n Hf liii 



•^(Lx tf 4- J?- 4- 4 4- 4 4- 4, (^tf. muft 

ht ^qsAX to (Di-'P) the pr^t, maly va- 

hie 



I 
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a 



iue of the fecond life; But h -^ + 4» 

J 

&Ci is the value of the life A*5 where- 
fore, by writing P inftead of -^ -H 4> ®*^- 



we have Qx i + P— Qj^ rP=D — P, and 

tonfequently D = P -h Q,^^-^ — i :>^ ^ Q-/ 
si=i:P-4-Q-- — ^; whcnce it appears^ thftt 

if from the fum of the values of the two 
fingle lives be taken their produft, divided 
by the perpetuity, the remainder' will be 
the value of the two lives in fucceffion* 

Otherwife, 

Since the value of the fecond life in fuc-' 
ceffion, to be received at the deceafe of A, 
is to the value, of the rcVerfion for ever, 
to be received at the fame time, in the 
ratio of Q^to E, the, prefent value of the 
former of thefe will be to the prefent va- 
lue of the latter in the fame ratio ; but the 
prefent value of the latter, or of the re- 
Verfioh for ever after the life of A, is given 
equal to E — P; therefore the prefent va- 
lue of the former, will be equal to ^ 

• « f 

X E-— r==Q^ I — -g^, which being added 

to P^ the prefent value of the life A, gives 
'-' ^ N P 
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p-fp. qu^ — g^ the very lame as was befoccr 
determined. 

EXAMPLE. 

Let the prcfcnt value of the life A, in 
poflefGon, be equal to 11.2 years pufi- 
chafe) and let the life put in nominatioa 
at the deceafe of A^ be worth 16.3 years 
purchafe, and the value of an annuity for 
xver^ equal to 25 years purchafe ^ then the 
ium of the values of the two lives wilf be 
2^.5, and their product 182.56; this lail 
divided by 25", the value of the perpetuity, 
gives 7.3, which being fubtra<fted from 
27^.5, diere will remain 20.2, for the va- 
lue of the two Succef&Te Lives^ 



PROBLEM XXVL 

Tl)ree lives A, B, C, being given in JUc^ 
€eJton ; to fold their prejent value ^ 

SOLUTION, 

Let the values of the three lives^ confix 
dcred as independent of each other^ be re* 

^dliveFjr 
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IpedivcJy denoted by P, Qsl^i ^^^ ^c' E 
"be the yaltie of an annuity for ever. There- 
fore, fince the prefent value of the two firft 
Hves in fucceflion (A and B) is, by- the laft 

Problem, equal to P+Q:^--~5 the value 

of the reverfion of the annuity for ever, 
after thefe two lives, will be B — P— Q 

H — g^; and therefore^ from the lame me- 
thod of reaibning as in the preceding Pro- 
blem, it will be as E : R : ; E — P— Q 

._. to it ^g— r -»- xg , or 



R X I — ~ X I — ^, the prefent vajue of 

the third life's this therefore ajid^d to 
P-f-Q3--n^, the value of the two firft, 

gwesP-4>Qcf-R~ '^^-^E^-^^ ^ ^ 

^•■■■■MMBMHai^MK «nBMMVM*BMi^MB^ ««Maiaaa«BM«)Ba.p^a> 

= E into I — I — -g X I — ^x i-~-£ 

for the required value of the three fuc- 
ceffive lives; from whence the value 6f 
any number of lives in fucceflion, may 
be derived by infpedtion ; and then9e the 
following general Rule. 

Multiply the value of each pf the po« 
pofed lives by the intereft of i L for one 
year^ taking the feveral produds from 
unity, and multiplying together all the 
^enkinders, let the produA thus ariling be 

J^ 2 alfp 



^ 
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alfo taken from unity, and the reinaindeF 
multiply'd into the value of the annuity 
for ever; then >vill the refult be the va- 
lue of an annuity for all the fucceffive 
Jives. 

• » 

EXAMPLE, 

Let there be three lives given in fuc- 
pcffion, whofe values fcparatcly confidcr-d, 
are refpectively equal to 8, io,and 15 year? 
pyrchafe, and let interefl be at 4 per cent. 
then the fcveral given values, multiply'd by 
Q.04, will be 0.32, 0.4, and 0.6 ; thefe fe- 
verally fubtrafted from unity, leave 0.68, 
0.6, and 0.4, whofe produft 0.1632 being 
tttken from unity, there will remain 0.8368, 
and this multiply 'd by 2j, the perpetuity ^^ 
gives 20^92 for the prefent valu^ of the 
three lives. 

PROBLEM XXVir. 

Suppo/ing A to pur chafe an ejiaie^ in copy-^, 
hold^ upon any number of lives P, (^ 
R, S, for the fum b, on condition that 
he and his heirs jhall renew it conti-- 
nually^ 'whenever any life becomes vacant ^ 
for the fum c ; to find the prefent value 
of the whole purchafe allow'^d for that 

, iftate. * ^ 
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SOLUTION. 

JLrCt the values of the lives P, Qtjl, &c. 
upon which the leafe is firft granted, be 
^, q^ r, &c. and ^ the perpetuity, and let 

the values of the lives (P, j^, P, &c.) which 
follow in a dire^ fucceflion from P, be de« 

poted by /, /, p^ &c. and thofe of the 

I If m 

lives (Qi^Q2_Q:_G?^.) following in a dired: 

fucceflion from Qj^ by y, y, y, Gfr. re- 
fpeftively, and fo on, with regard to th6 
reft of the lives R, S, T | then it will be 

c lip X 1 — p the preient value of 



as^ 
the 



^MdUMiA^ 



P(by Pfob. XXV.)tOirx i^^ 

the prefent value of the fum (r) to ht paid 
at the deceafe of P, or the nomimtion . of 



^e new life r 5 and ^sp i c i ipxi — — 

T 

XI — — the prefent value of the life 

#(by Prob. XXVL) tor X I— ^ x i^-f 
the prefent value of the fum (c) to be paici 

upon the deceafc of P, or the nomination 
' // ' ♦ >» ' ■ 

pf r, the next life in this focceffipn : And in 

the 



^4 ^f *^ Valuation of 

the fame manner will the preient values of 
the fums to be paid at the nomination of 

the lives P, P, &c. be found ^ x i — ~ 
% I — -^x i**^^. and c X i— ^ x i t— ^ 



■wa*i«*i 



* m 

X i-^-^x i-!-A C^c. But the fum of 



«■ 



»U thcfc, or r X I '— -^-f-rxi — 4 



• / // 



x I 



-^+f X I -^ X I-^-^ X I — 4» 

# # tf * 

(^r. continued in infinitum^ is the prefent 
yalue pf all the fums that may be paid 
ifrom time to time, for the renewals of all 
the lives in this fuccefllon; and from the 
iame way of reafbning, the prefent value 
of all the fums^ that may be p^d for the 
renewals pf all the lives in the fuccejlions 



nmimm 



^pear tobecx i — -^-4-rxi— ^x 1—7 



u 



f-f-^ X I— " X I — -^- X I 1 ^c. and 



^x I — ^4-^x i^ — - X.I — — -f-rx V *" 



9 u 



K X— jx 1—7, ^c. &t, refpeftivcly. 
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Therefore, if to the fum of all thefe, the 
Vialue hf paid at entring be added, the z^- 



gregate,^-4-rxi---f -hi — f X i— J- 



/' // 



^^ § # ' \ 



/ 



1. .L. T .«^/. ^ T-^^«4«T..^X 



r X J — -^ + I — - - X I 



» 



XI— -txi— ^, (^^. +fXl — ~ 



/ 



H_,_^xi--f +1-^x1-.^ 



XI- , 



-, &c. &c. will, it is evident, be the 



prefept total value of all that A and his 
heirs may pay for the .enjoyment of the 
eftate for ever. Qi_E. I. 

COROLLARY L 

Hence, if the lives with which tho 
ieafe is filled up from time to time, 
be equal to one another, the general ex- 

weffion wiU become b'^cx i — i ^ 

A» i\* ♦»' 
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■ ■ . >\i r% 

]^C % l^^ X I + I — -^ + I — ^ y ®^- 

. — J\' 

whkh therefore, becaufe i -f- i + — 
qu4 to Afy viiU become ^ -4- -7 ^ ^^^ 

C OROXLARY II. 

* 

But if all the lives, as well thofe upoi> 
livhich the leafe 13 firft granted, as thofe 
put iiito nommti^ii afterwards, be equal to* 
each other, the value allowed for the whole 



purchafe will be 6 -+- - 



« tf X e-^ 



COROLLARY III. 



•rhMa^p^MHi^— *aiBai^H^B^Ba^MiMai^avat»i^i^b*^B^^ 



ILaftly, if £+c x i— ^-i- 1 — ^ x i — ^, 



Mk 



/ 



» 

I 






&c^- be ^akea :== V^, we (Jiall have i: .= f 



.1 



«r- v*^ 
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/ 



/ ' # e ^ t e e 

Gfr, fhewing the true value that A and his 
heirs ought in juftice to pay at each re- 
nevral^ which value, when the lives re- 
newed with arc all equal, will therefore be 



e — bxp 



The above Corollaries, exprefled in 
words at length, afford the following prac- 
tical Rules. 

I. Subtradt the fum of the values of all 
the lives, upon which the leafe is firft grant- 
cdj from the perpetuity multiply'd by the 
iiumber of thofe lives, and divide tlie 
remainder by the value of one of the equal 
lives, with which the leafe is from time to 
time to be renewed^ and multiply the quo- 
tient by the futn agreed upon to be paid 
for renewing, and the produdt will be the 
prefent value of all the fums that may be 
fiaid for all the renewals for ever* which 
Idded to the value paid at firft entring will 
give the total value of the purchafc. 

II* Multiply the rent of one year by the 
prefent value of all the fums that may be 
pai^ ^V renewals (found as above) and di- 
jfide tb^ prpciudt by the perpetuity, and 
^e qjK>4?nt wilf j)e the fopi by which tljie 
T O ' * ' rent"* 
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rent-roll of . the firft proprietor's eftatc, 
ought to be increafed upon account of fuch 
renewals. 

, III. Take the difference between the 
value paid upon firft entering, and the per- 
petuity, and multiply it by the value of one 
of the equal lives, with which the leafe 
is to be conftantly renevfed, . divide the 
produd: by the excels of the rectangle of the 
perpetuity into the given number of lives, 
above the fum of the values of all thofe 
lives, and the quotient will be the fum, 
which, in juftice, ought to be conftantly 
paid for renewing. 

EXAMPLE. 

Let the propofed ^ftate be 100/. per 
annum^ and the number of lives upon which 
the leafe is granted be 3, and let their va- 
lues, feparately confider'd, be worth 10, 
12, and 15 years, purch^fej let. the fum 
paid upon entring be 1 600 /. and that for 
renewing 400/. and intereft at 4 per cent. 
and fuppofe the purchafer to have the li- 
berty of renewing with lives of what ages 
he ftiall think proper, or moft to his own 
advantage. 

Then the fum of the values of the three 
lives will be 37 years purchafe, which ta-^ 
ken from j^^ three times the perpetuity, 

leaves 
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leaves 38 years purchafc; but the greateft 
value of an annuity for one fingle life (at 
^ per cent, ^ is, by the table 16.4; where*- 
•lorc, dividing 38 by 16.4, we have 2.317, 
which multiply'd by 4, the number of 
years purchafe paid for each renewal, gives 
9.268 years purchafe, or 926/. i6i. for the 
prefent value of all the fums that may be 
paid from time to time for renewing ; 
therefore 2526/. 16^.. is the whole value 
of the purchafe ; from whence it will be 
found that the fum by which the retit- 
roll of the eftate of the firft proprietor, 
ought to be increafed upon account of 
thofe renewals, is 37/. is. and that 388/. 6j. 
is the fum that ought to be paid, in juftice, 
at each renewal. 



O 2 OF 
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REVERSIONS, 

WHERE THE 

Expedation depends upon the Pro- 
bability of one particular Life, in 
pofleflion, furviving the reft, 

L E MM A II. 

THE ages of two perfons A and B 
being given ; to determine from the 
table of ObfervationSy the probability nvbicb 
focb of them has tofurvive the other. 

Let CXQ reprefent the whole extent of 
life, continued from the inftarit of birth at 
Q>^ to the extremity of old age at O, and let 
QA, and QJB, be the given ages of A and B, 

and Q^A and QJB any other two corre- 
iponding ages to which they have a chance 

of 



ArflJtiltics uf(i'k Li^es. Idi 

fjf atttihirig J Slid let P^^O be a curve. 



the table olF btfervatioris, to thofe agesj 

ibppoftp r ^ ^ near as poflible to B b^ and 

A m bestial to 6 ^, and gr 2 parallel to Q^ ; 

put Aazi=a^ A<3^=^, B^=:^» ^2=;^, and 

g2=Atp=:x ; and fu^pbfe A, if he be the 
iurvivor, to receive the fiirh S, Then will 
the probability of his receiving that fum, du-* 

ring the interval Am^ be compounded of 
the probability of his attaining to the age 

QJl, and that of B's dying in thie corre- 

fponding interval Br, of which, the fbrtacr 



' i 



be£ig 4-, and the latter y, the com* 

pbund of bqth mufl confeqiiently be --j-* 
Let this Value, therefore, be defined (every 

where) by an area AmnFA^ fuppoidng 
EE«0 to be a curve, whofe whole area 
AOEA expreffes the probability that A 
rfeceives the iuni S fome time during the 
iVhoTe interval A O ; ifhcn by dividing 

^jj- by X {z=zAm) we fhall have A F 
for the general equation of this 



b 



curve 5 
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curve; from which, by a known method 
for approximating the areas of curves, by 
means of equidiftant ordinates, may the 
area AOEA be determined; which afea, 
as it cxprieffes the probability that A lives 
to receive the fum S, muft alfo exprcfs the 
probability that he out-lives B. Suppofe, 
for inftance, the age of A to be 40 years, 
and that of B 30 years, and fuppofe the 
interval A O (which may, with all the 
cxadtnefs here requifite, be confined to 50 
years) to be divided into 5 equal parts at the 

points A, gy i&, 7'; then will the fucceffivc 

values of a^ anfwering to thefe feveral ages 

Q3> QJ^> Q^^> Qj^> ^^- according 
to the table, be found 294, 204, 130, 
Gfc. apd the decrements of life, againft 
(30, 40, 50, 60, 70, and 80 years) the 
correfponding ages of B, equal to 9, 10, 
?, 7, 5, and 3 refpedtivcly ; therefore it 

will be, as I year, to the time (B r) x : : 

io is 9, 10, 8, or 7, ^c, the decrement 

• • • • 

in one year, to 9X, 10 at, 8;^, or 7^, G?r. 

* 

the decrement in the time x very near ; 
which values, therefore, with thofe above, 

being fucceffively wrote for b and ^, in the 
general expreflion -^^ the ordinates A E, 

Mab 

AF 



^ ^ 9 ■»— — ^i— ^^^^ * -^^^ 
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A F, ^ G, &c. will, in this cafe, come out 

294 X g 204x10 130x8 69 X 7 29XS 
294x385' 294x385' 29+ X 385' 294x385* 294x385* 

and ^^ V refpedlivcly : therefore the va^ 
. 294x385 ■ '^ ^ 

lue of the mean ordinate will here be 

— ^^^y9 _. 0.00800c, which multi- 
294x385x288 ^ ^' . 

plied by A 0^=50, gives 0.44525 for the 

required probability of A furviving B; 

whence the probability of the contrary, 

that B furvives A, will be i-~o*44525 = 

Note. That a mean, from a given num^ 
ber of ordinates, may be had bjr the foU 
lowing theorems, where a^ b^ r, Gfr. de- 
note the given ordinates ranged according 
to order, and m is the mean ordinate cor- 
refponding. 

3> 6 ~^ 4- - ■ 8 ^ =^ 

•^ 90 

^; '9#+75 ^+ 50^ + So^+75^+ 19/-- ^ 

299 

4iii+2i6*4-^7^+^72^+2y^+2i6/4»4i^ 

7* ■ i]^ " 



XKT 



PRO- 



4. 



«P4 Of the ]/4l'UAT|6jf of 
PROBLEM XXVIIL 



^ » f 



A ami B tfr^ /« joint pojfeffioi^ $f an an^ 
nutty ; V)hich^ tf ^. be the bnger iiver^ 
IT, after iotb fives are extinSi^ to oelong 
to C and his heirs for ever: f'oJi$(Jlti!ji 
prefent vaJjue of tbeexpeSetitfi^ ^ C, op 
that annuity. 

SOLUTION. 

From the value of the annuity for eyer^ 
fubtracft the value of the two jives m pof- 
leffion, and multiply the remainder hy the 
probability of A furviying B (found by tjie 
preceding Lemma) and the proc}u<^ will he 
the value required. 

For fince the value of the reverfiori 
•whicji C and his heirs expedt, (Jki \^ not 
depend on A's furviving B^ would be the 
excefs of the vajue of the a^nnuify for-ever^ 
above the value of the twb'liVes'A and B- 
that excef§ mulfiply'd by the projiability of * 
A furviving, muii confequently be the true 
value of the reverfion, allpv^ipg for thai 
contingency. ^ 



EX- 



1 
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EXAMPLE; 

Let the age of A be 40, that of B 30^^ 
and intereft of money at 4 per cent then 
the value of the two lives A and B wili be 
1 5. 8 years purchafe (by Cafe 11. Prob. X.) 
vjrhich taken from 25 years purchafe, the 
value of the annuity ior ever^ there will 
remain ^42, and this multipl^jr'd by 0.4459 
the probability of A furviving B, gives 4. i 
f(^ the number of years purchafe re-^ 
quired. 

PROBLEM XXIX. 

^efe are three perfons A, B, C, the two for ^ 
tnerofwbom A, B, enjoy aji annuity between 
tbeWy which annuity y if A furvives B, 
is afterwards to belbng equally to A and C, 
during their joint continuance^ and then- 
intirely to C for' lije^ if he be the lafi 
Jhr*ui^or *j to find' the vafue of Cs ^^- 
peShiion on that annuity. 

SOLUTI aN. 

Take the excefs of the value of the three . 
livcsA, B, C, above the value of the two 
lives A, B, and alfp the excefs ©f the va- 

P luc 



» I 
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luc of the two joint lives A, C, above that 
of the three joint lives A, B, C 5 multiply 
the former of them by the probability that 
A furvives B, and to the produft add half 
the latter, and the fum thus arifing will be 
the true, value of Cs expedlation. 

For fince the firft of the abovemention*d 
excefles would be the prefent value of all 
the rents that C might receive after the 
deceafe of A and B, was not that value to 
depend on A's furviving B, the true value 
of thofe rents, allowing for that contin- 
gency, muft be the produft of that excefs, 
by the probability of A furvivihg B : there- 
fore, as the latter of thofe excefles is (by 
Prob. V.) double the value of all the 
other rents that he may receive, during 
the joint continuance of himfelf and A, the 
folution is manifefl:. 

LEMMA III. 

Tbe ages of any number of perfons R, A, B, 
C,. D, &c., . being given ; to find the pro-- 
bability that any one of them^ pitched upon^ 
as R, pall furvive the reft. 

Let Q^O reprefent the whole term of 
life, continued from the time of birth at 
Q^ to the extremity of old age at O ; and 
let QJR, Q^A, qTB, QJZ, &c. be the 
given ages ^f R, ,A, B, C, &c. refpedive- 
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ly, and QJl, Q^A, Q_^, Qj5, ^c. any 
other contemporary ages to which thofe 
perfons have a chance of living ; let PSO 
be a curve whofe ordinatcs C c, R S, B ^, 
Gff. every where exprefs the numbers of 
perfons, in the table of obfervations, an- 
swering to the correfponding ages Q^, 
QR, QB, Gff. let kp be as near as can 

^^/ III I 

be to A<j, and Kk, B/, K,»7, C^, ^c. 
all equal to one another, and let ^2, ^3, 
and 1 5, afc. be parallel to QJ). Put R S 




P 2 
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5:s;r, iR/-=:r, Riw?=x, F^a'=;=xa^ A^;=<?, 

^ 2 ??: tf , B ^ =;= ^, B i = *, / 3 = ^, Cr ;?=r, 

Cr==r, c ^z=zc^ f^c. andletjR^in oaje he 
l)e the laft furvivor, be intitl^ to receive 
jthe fum S ^ then will the probability of his 

receiving that fum, in the interval R/v, 
depend upon thefe events ; £rft, .^at he 

attains to the age QJR.^ fecondly, that 
<Mjy one of the other pcrfons j(hall then 
remain alive; and laflly, that this perfon 
ihall alfo go out of being, during that in- 
terval 5 wherefore, fince the probability that 
•all the lives,except R and A, are extindt before 

that time is — r- x ^—^ x — r- , (Sc. and 
that of A dying in the iaid iatcj-vfil^ Qqual 

to ~, it is manifeft that — x -- x -?- x 

i=^ x -^, ^c. Avill be th?Lt part of the 

prob^^ity pf R!s rcceivijig the fum S, in 
the lore£iid interval^ which depends ppon 
Ac chgncc of A's fesiflg the iaft furyivor, 
excqit R ; and for the Uke rie^fons it will 
appear, thgt the other parts pf that pro^ 
bability, depending upon the chance of 
B, C, D, ^c. being the laft furvivor but 



p., will he — 5^ -7- ^ ^-^ ^ "^--^ ^—r-y ^^^ 

«m4 



Awmi^ )^tf l^wes. «0f 



refpedively ; therefore the 'fum of all thefe, 

• • • 

Ur its equal p x -^ H- —7 Hh -~ Hh 



i.^ >^ i^-jif 



<^r.-byputtbg/;==:^x=x^ 

iE?^r, will be the whole ^probability of re- 
i:^iviog ;the iaid fum duriog th^ iQtiaialp 
JLct thfe :fffobahility -be, every ^here^ i»^ 

prefented by the area R;!^;^FR, fiippofing 
^ F D to be a curve, whpfe whole ^ea 
R E O R expreffcs the prcrt^ability that I^, 
receives the fum S, fometimc dmiqg ttihte 
whole interval R O, or forvives all the 
other perfons A, B, C ; then by dividing 



^^•"■■■•^^'•^■••^^^•'^^■■f"»^^WW|""«N»^F"^wir 



A-4 r-^ rf-i/ 



( = R«) we ihaU have l( F = 4 X 
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H- ' — J ^ -7 •+• — ;, ^€. hr the 

general equation of this curve; from which, 
by the method and theorems laid down in 
tremma 11. ' the area R E O R, and confe- 
quently the probability expreffed thereby, 
play be determined. 

CO- 



iio 0//i6« Valuation of 
COROLLARY. 

« 

If the probability of life be confidcrcd 
as decreafing uniformly, then will P S O 

become a right-line, and a-^-^-a^ b — h^ c — c, 

0*^. as alfo a, b, c, &c. equal to each 

other 5 therefore, by putting a — a=:z^ a=%^ 
and n the whole number of perfons given, 
the probability of receiving the fum 9 in 

the interval R m, will be defined by 



«— 1 n — 12 • n — ^^i 



'- I j^^j. X rz"^ z-^z z ', whoie flu- 
ent (after proper corfeftion) will, when 
x=r, be ^^^,\ faf^^ multiply^d into the two 

following feries r^""^' -f-r^ x ^ '^^ — a^~^ 



^f^'m 



rah X t*-3— ^*— 3-f-r^?^f x ^''— 4— f*— + 

■ « « -^ I a — - » 

CSC. — 



n — I 



« — 2 , n — a 
« — ^X<7^Xf — ^ 

»— — 2 

a — 4X<i*f X i/ — f 



&c. where 

each feries is to be continued to as many 
terms, as will exprefs the place which the 
pcrfon propofed obtains, reckoning accord- 
ing to fenioritv, provided that perfon be not 

' the 
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the youngeft of all, in which cafe, one term 
lefs than that number is to be taken. But 
the fluent thus found, is the required pro- 
bability of furvivorfhip, according to the 
above, hypothefis, and, with a little cor- 
redtion, will ferve fufficiently near in real 
cafes. 

« 

PROBLEM XXX. 

To determine the value of a reverfion for 
every after any number of lives A, B, C, 
&c. upon the contingency of one particu- 
lar life A heing the laji Jurvivor^ 

SOLUTION; 

From the value of the annujty for ever 
fubtradt the value of all the given lives, arid 
multiply the remainder by the . probability 
that A is the laft furvivor (found by the 
above Lemma) and the produdl will be the 
value required ; which will appear manifeft 
from the reafons sdready laid down in the 
two preceding problems. 



%m Of t£i Valu^tijowt of 

A' f A-B'LE Jhttmng the prefeht value 
(^ onepoundy to be received at- the end 
of am number (f years ^ not exa^edin^ 
90,. aifiounting at the rates of 5^ 4?, 
and"^ per cent* compound intereJiX 



AdJL 



t^ Value 
at 5/ff 



.1 

=3 

v4 



Value 
at4/#r 



•95*4 
.9070 

[.8638 
.7835 



.9615 

•9*45 
...8890 

•8S4« 
•8219 



Value 
at 4 per 



•9709 
•9426 

.^.9151 

,.8885 



.8626 *5 



►"I 



i2 

»3 

?4a 



Value 
ats 



dw/i 



per^ 



Value 
4/^r 



fl»/.' 



Value 
at % per 
knt. 



•3589 
.3418 

^•3?5S 

•3iod 

*9S3 



<«M 



,♦388 
.4119! 

.39<w 

•3757 



5375 
^5067 

-4776 



7 
8 

9 



.7462 
.7107 
.6768 
.6446 



•7903 



•8375 



.6x39!, .6756 .7441 



ill. .584 
iar'.5S6i 

«ffl -5303 

l« »5*>S« 
(51.4810 



.7599^.8431 

..7307 

.7026 



26 

a7 

•.7894128 

.7664 29 

30 



.2812 
.2678 

•25^1 

.2429 

.2314^ 



.3607 

,3468 

•3335 

.3206 

.3083 



•4637 
.4502 

•4371 
.4243 

:.4i2b 



.6496 

1.6246 

. ^6oo6 

5775 



.7224 31 
,701432 

.6«S9 33 

:.6^I 1I34 



•5553 -64^935 



<2204 
.2099 
.1999 

^1903 
•I813 



.2965 
.2851 

-.2741 
.2636 

•2534 



.4000 

.3883 

.3770 

.3600 

•3554 



«7 
18 

119 

20 



limOm 



^458 1 

•4363 

.4155 

•3957 
.3769 



•5339 •* •6*3* S* 
.5134 .605037: -1644 

.4936 .587438 .156*6 
.4746 .570339 1491 
.4564! -5537 40^ .14*0 



^I72ef•.2437 

.»i43 
.2253 

.2166 

.2083 



•3450 
•335c* 
.3252 

.3158 
.3066 
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Value 



Valne 



It 

f 



41 
4a 



Value 

ats/ifj 

cent. 



fent. 



m 



1353 
1288 

1113 



1060 



K«j «» 



Value 



fM^. 



•2003 

• 1926 

• 1852 
.1780 
.1712 



.1646 



loio •is^i 
0961 
0916 
0872 



.1522 

.1407 




»«.. » •• \ 






WUi 



»# 



Value 



at $/(ff At4/erl|t 3/ir 



cfui^ 



2567 

a+93 
2420 

2349 
w8i 



71 

73 

75 



0399 
0380 

0362, 

0345 
0329 



Value 



ant. UMt. 



iiMM 



0313 
0298 
6284 
027c 
6257 



.0751 
.0722 

•0695 
.0668 

.0642 



.0617 

•95941 
.0571 

.6549 

.0528 



421 
380 

34P 
301 

263 



226 
190 

tit 

1 22 

089 






i4 

•5 



0830 

9791 
9753 

0683 



». r. 



i 



065* 

QDlC 

b59c 
os6i 

9S35 



9519 

9485 
9462 

9440 
9*'9 



^3531 
J301 

1251 

1203 

1156 



.1112 
.1069 
.ibiz8 
•0989 
.0951 



.0914 
.0879 
•0845 
•0813 
.0781 



76 



2215 

2150177 

2087 

2027 

1968 



78 

79 
80 



024-5 
0233J 

0222 

02^2 

0202 



•0508 
.0488 
.0469 

•0454 



058 
027 

•0997 
.09p8 

.c)94q 



191081 



1855 
1 801 

1748 



1697 85 



82 

83 
84 



2 

3 



01 
01 

0174 
0166 

0158 



.0417 
.0401 
.0386 

•P371 
•0357 



•00X2 
.0886 
.0860 
.0835 
.08^1 



I&4886 
160087 

1553881 

1500 89 
146490 



0151 

0143 
0136 

0130 

0124 



•0343 
.0330 

•0317 
.0305 

.0293 



.0787 
.0764 

•074a 
.0720 

.0699 



liM.I>»l. • 4». 



iW<W >t ■ 



Q^ 
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A TABLE jhemng the prefent value 
of an annuity of one pound for any num-- 
oer of years y not exceeding 90, when 
inter efl is at ^^ ^^ and 3 per cent. 



S 



I 
2 

3 
4 



Value [Value 
at 5 ferdX ^ per 



cent. 



cent. 



0.952 
1.859 
2.723 
3546 
4-329 



0:961 

1.886 
2.775 

3-63^ 

4.452 



7 
8 

9 

10 



II 

12 

^3 
14 

J5 



5-076 
5.786 
6.463 
7.108 

7.721 



5.242 
6.002 

6.733 

7.435 
8.1 II 



8.306 
8.863 

9 393 
9.899J 

10.38. 



8.76c 

9-385 

9-985 
10.56; 

1 1. lib 



16 

17 
18 

^9 

20 



10838 
11.274 
11.689 
12.085 
12.462 



11.652 
12.16^ 
i2.65<^ 

13-^34 
'3-59^ 



Value 
at 3 per 
cent. 



0.971 

2.829 

3-717 
4.580 



5-497 
6.230 

7.020 

7.786 

8.530 



5! Value 



Value 
at 4 pet 



\ 



cent. 



22 

23 
24 

25 



1*12.821 

I3«i63 
13.488 

13-799 
14.C94 



26 
27 
28 
29 

30 



H.375 

14.643 
14.898 

15. 141 
15.372 



9-25331 

9.95432 
o 635 33 
r. 296 34 

I -938135 



15-593 
15.803 

16.002 

16.193 

'6.374 



2.56136 
3.166I37 

3-753'38 

4.324*39 

4.877:40 



16.547 
16.711 
16.868 
17.017 

17.159 



cent. 



14.029 
14.451 
14:857 
15.247 
15.622 



'5.983 
16.^29 

16.063 

16.984 

1 7. 292 



Value 
at 3 per 
cent. 



15.415 

15.939 
16.444 

16.936 
17.413 



17.877 
18.327 
18.764 
19.188 
19.600 



58820 



'7 

'7.873 
18.148 

18.411 

18.665 



.000 
26.389 
20.766 
21.132 
21.487 



18.908 
19.142 
19.368 
19.584 

19.793 



21.832 
22.167 
22.492 
22.808 
23.115 



7 
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4» 

42 

43 
44 
45 



46 

47 
48 

49 
50 

SI 

52 
53 
54 
55 

56 
57 
58 

59 

60 

61 
62 

63 
64 

65 



Value 
at 5 /f r 



Value 
at ^ffr 
cent. 



Value 
at 3 ///• 
ant,. 



17.294 

17-423 
17,546 

17.663 
17-774 



19-993 
20,186 

20.371 

20.549 
20.720 



23.41266 
23.701 67 

23.982 68 
24.25469 
24.51970 






Value 
at ^fer 
cent. 



17.880 
17.981 
18.077 



20.885 
21.043 
21.195 



18.169 21.341 
18.25621.482 



J 8-339 
18.418 

18.493 
18.565 

18.633 



18.698 
18.760 
^8.819 
18.876 
18 929 



18.980 
19.029 
19.075 
19.119 
19.161 



21.617 
21.747 
21.873 
21.993 
22.109 



22.220 
22.327 
22.430 
22.528 
22.623 



22.715 
22.803 
22.887 
22.968 



24.77571 
25.02572 
25.26773 

25.50274 
25730,75 



25.95 1I76 
26.16677 
26.375I78 

26.578.79 
26.77480 



26.965.8 i 
27.151 82 

27-331 83 

27.50684 

27.67685 



27.840J86 
28,000 
28.156 
28.306 89 



23.046^28.453 



87 
88 



90 



19.2QI 
19,239 
19.275 
19.310 

19.343 



lvalue 



Value 

at 4 ^^r[at 3 per 

cent, icent. 



r»« 



19.374 
19.404 

19.432 

19-459(23 
19.485 



19.509 

19-533 

19.555 
19.576 

19.596 



63423 



19.615 

19 
19.652 

19.668 

19.684 



19.699 

'9.7^3 
19727 

19.740 

19.752 



23.122 
23.104 
23.263 
23.330 
23-394 



28.595 

28.733 
28.867 

28.997 

29.123 



23-456 
23.516 

23-573 
.628 

23.680 



29.246 
29.365 
29.481 

29*593 
29.702 



23-731 
23.780 

23827 

23.872 

23.915 



29.808 
29.910 
;jo.oio 
30.108 
30.201 



23-957 

997 
24036 

24.073 
24.108 



30.292 
30.381 

30.467 
30.550 
30.631 



I 



24.143130.710 
24.176j30.786 
24.207130.860 
24.23830.932 
24.267 31.002 



0^2 



xA 
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A TABLE 

valu€% of 4m 



5 Jhenbing^ the di^fehce if 
m annuity for life^ at the 



rates of 3 -r>4^^^4T per cent. /«/^rij^. 



1 Value of 


• • • f * 

Din. Of 




BBAnnnitT 


Values it 4 


values ai 4 


^l^'f^ 


kml4J/5lT 


iUld 3 i /^ 




cna. 




6 


o.i 


6.2 




0.2 

0.3 


0.2 


9 


0.4 


0-5 


10 


0.5 


6.6 


It 


6.6 


0.^ 


It 


^'t 


0.8 


13 


e.8 


0.9 


14 


6.9 


i.6 


15 


i,6 


I. a 


16 


I.I 


1-3 




1 



This table tnky be ufid ais i fhpplfemeht 
to that in (mge 38, &^, thus; Suppofe it 
yirtrt req^oirid to find the ,Valuc of *a life 

of forty-four, at the rate of 4 —percent 

intfcreft} then looking in tab. L page 3 9, 
j^ainft 44 years, under 4 per cent, you will 
£pd II «o, with this enter the firft cotumn 

of 
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0f \ht laft ttibk, and ^hft it, in tiife 
fetond c^iisind^ yim will have o.d^ wfaisH 
fubtraded from ii.o, leaves 10.4 for tht 
value required. 

irf METHOD fit' irtwjiigatitlg th^ 
hies of annuities upm lives^ by 4^prQ9^m 
matiw^ without the belp of tablis. 

' Becauib there may be ociafioh ibme- 
times to know the values of lives com-«^ 
puted at different rates of intereft^ from 
any exhibited in the foregoing tables, and 
as the general method i(x this purpofi^ 
laid down in the farmer part of this book^ 
is too tedious for common pnkiice, I have 
endeavoured to remove that inconvensracy 
by help of fome eafy aj^roxknations. To 
eneffc this, I found it nece£[ary to confider 
the values of lives in two different cafes, 
qne when the given ^e is leis than 45 
years, and the other when it is greater. 

RULE t 

^ofind the. value of an ajjigned tifi^ whq^ 
age is not lefs than 45 years. 

Multiply the difference between the given 
age and 92 years, by the intereft of i /. 
for one year, add 247 to the produd, And 

divide 
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deride the fii4 difference by the produd fb 
increafed,. then the quotient will be the 
anfwer. 

Note. This rule comes fo near the truth, 
that the error for the general part does 'not 

amount to — , and fcarce ever to— of a 

year's purchafe. 

EXAMPLEI. 

Let the propofed age be fifty years, and 
intcreft at lo per cent, then fubtradling 50 
from 92, we have 42, which multiply'd 
by 0.1, the intcreft of i /. will be 4,2, and 
this added to 2.47, gives, 6.675 by which 
divide 42, and there will come out 6.3 
for the valiie required, v 

EXAMPLE II. 

Suppofe the given age to be ^^ years, 
and intcreft at 4 per cent. Here the diffe- 
rence between the given age and 92 years, 
will be 37, and the intcreft of i/. equal 
to 0.04 ; with which proceed as in the laft 
example, and the required value will be 
found 9.36 J but if the rate of intereft had 

been 4 — per cent, the value then had been 

only 8.94 ; the like of any other. 

I 
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I would willingly have given a rule fimi-^ 
lar to the foregoing, for the other cafe 
where the given age is lefs than 45, but 
have not been able to find out any thing 
cither fo general or fo jSmple, as that ap- 
proxiifiation for older lives ; however, if the 
rate of intereft be not lefs than 3, v^ox, 
greater than 10 per cent, nor the age pro- 
pounded, lefs than 12 years, the value of 
fuch a life may be always had by/ thcf 
following rule, to a degree of exadheis 
equal to the former. 

RULE II. 

i 

To find the value of any ajjigned life^ wbofe 
age is neither lefs than 12, nor greater 
than 45 years. 

• 

Take the difference between the given 
age and 29 years, alfo between the fame 
age and 100 years, and let the former of 
thofe differences be multiply *d by 10 times 
the interefl 0/ i /. for one year, and the 
product added to, or fubtraded from the 
latter, according as the given age is greater 
or lefs than 29 years, and let the fum or 
remainder be multiply*d by 40, and the 
produdl be referved : add 1 00 years to the 
given age, and multiply the fum by 2:^ 
times the interefl of i /. for one year 3 
add 100 to the produdt, and divide the 

referved 
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t!«^o4 pr94vd \(f ^is l^m* and tins quo* 

EXAMPLE. 

Let it be propoied to find tBe value ef 
a life of twenty computed at die rate ef 



Kper cfHt* 

H«e the firft mentioned difl^reRce mSX 
be 9, and the other 8o, and therefore the 
fermer multipl^'d bv 0.5, or 10 times the 
intereft of i /. will be 4.5, which Tub- 
traded from 80, leaves 75.5, and this mul- 
tiply'd by 40, will give 3Q20, for the pro- 
duft to be refervcd. Moreover the given 
age, incre^fed by top ye^rs, 1$ i;q, whicll 
multifdy'd by i.i, (==:a2x.p5) will be 
132 ; therefore dividing 3020 by 232 
(=s:ioo-f-i32) we have 13. i for thenum- 
^r of years purchafe required. 

It will be needJefs (I prefume) to offer 
jjny thing farther by w^y of example i 
lait, for ^ reader's ^tis^^on^ and to re? 
9)i<>ve any 4<^t that he p^y entertain with 
insgard to tj^ cs^^^eis of the aboye meT 
^pds of foh^tieiB, I b^ve thought proper ta 
4dd the fub^u^^ t^N^ ; which fl^ews the 
V^ipes of lives |o f^ery loth yeqr of agf, 
%p|h apcordifi^ to tho^e methods, and alia 
topcx^g to t^ table of obfervajtions. 



^ . 

> ^ 



r 



Annuities upon Lives, 1 2 1 



Value atj Value jlValucat 
5 ftr ctJsit ^per ^fer ct. 
cent, by. the 
accord, rules. 
to obC 




13.C 
11.6 

10.3 

7-9 
6.2s 



^^'^'■*>"*»""«"^»"*' 



Value 
at 4/^r 
ceot, 
accord, 
fiopbf. 



14.86 
10.12 

6..56 



f^ f 



14.8 
13-1 

lO.l 

0*4 
6.5 



15.1J 



Value a^t Value 
$pirct. zi^pet 
by the c#«#. 
rules, accord, 
to obf« 



17.? 
15,0 



^■f*^|W— •■iWi^^P— »*i»l 



13.14113.2 

1 1.4 

6.9 



11.26 
I 9-36 



Tbe two foregoing ryles arc acconiBio- 
dated to the fame obfervations as the preced- 
ing tables, as the befl, undoubted^, for the 
city of London^ and parts adjacent ; Im^ if 
any one be deikous of an approximatiofi 
according to the Brejlau obfervations^ the 
following rule, in any cafe where the pro- 
pofed age is. not fcfs thaa 3^0 years, nor the 
rate of intereft lefs than 3, nor greater than 
€ per cent, will give the true anfwer ?ery 
nearly. The rule is this, 

Multiply th? difference bctwceo tbe. givea 

age afid 87 yc»rs, by — of the intereft of . 

I /. for one year, and add 1.9 to the prq- 
dudt, and divide the faid difference niade 
lefs by 2, by the produd f© increafed, and 
then the refult will be the value required. 

R ^ Having 
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Having now fliewn how to approximate 
the values of lingle lives, it remains next to 
lay down fomcthing in relation to annuities 
upon two or three lives. 

RULE III. 

To find the value of two lives A and B. 

Multiply the value of the youngeft life 
A by the intercft of i /. for one year, and 
fubtradt the product, and alfo half the pro* 
duift, each from unity^ dividing the laft re* 
mainder by the former ; multiply the value 
of the life A by the quotient thus arifing^ 

and divide — of the fquare of the value of 

the oldeft life B, by this produdl, then the 
quotient, added to the value of the life 
A, will give the required value of the 
longcft of the two lives. 

EXAMPLE. 

Suppofe the value of the youngeft life A 
equal to 1 2 years purchafe, and that of the 
oldeft B, equal to i o years purchafe, reckon- 
ing intercft of money at 4 per cent, then 
the value of the life A multiply'd by 0.04^ 
the intercft of i /. for one year, will be 
0.48, ancl half thereof equal to 0.24; thefc 
fcverally taken from unity, leave 0.52 and 
0.76, the former pf which divided by the 

' latter. 
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latter, gives 1.46, and this multiply'd by the 
value of the life A, will be 17.52 5 there- 
fore by dividing -^ of the fquare of the 

value of the life B, by 17.52, we have 
2.3, which added to 12, gives 14.3 for the 
value required. 

RULE IV. 

ITt? jind the value of the three lives A, B, C. 

Firft, find the excefs of the value of the 
two youngeft lives A, B, above that of 
the youngeft life A, by Rule III. then 
divide the value of the oldef): life C, 
by the value of the life B, and cube the 
quotient, and multiply that cube by half 
the iaid excefs ; then the produdt added to 
the value of the two lives A and B, will 
be the value required. 

EXAMPLE. 

Xet the value of the life A be fuppofed 
equal to 1 2 years purchafe, that of B equal 
to 10 years purchafe, and that of C equal 
to 8 years purchafe, and intereft at 4 per 
cent, then the excefs of the value of the- 
two lives A, B, above that of the youngeft 
life A will be 2.3 (by Rule III.) moreover, 
the value of the life C being divided by 

R 2 that 
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that of B, wc have 0.8, the cube whereof 
is o.^i2) which multiply'd by 1.15, half, 
the abovefaid exccfs, gives 0.588, or 0.6 
nearly, and this added to 14.3, the value 
of tne tw6 livfcs A, B, gives 14.9, for 
the vftlne of all the three lives. 

Note. The two laft rules will ferve in- 
differently, either according to the London^ or 
according to the Brejlau obfervations, the 

error, in either cafe, feldom exceeding -j 

of a year's purchafe, as I have found by 
many repeated trials. 

I fl^all conclude this little trad with the 
Solution of the following Problem, which 
tho* it relates not immediately to the fubjeft 
of annuities, depends neverthelefs upon the 
fame principles. 

PROBLEM XXXI. 

^0 determine from a table of obfervations^ 
and the bilk oj mortality of any place ^ the 
' number of Jbuls contained in that place. 

SOLUTION. 

i 

Let A O reprefcnt the utmoft extent of 
life continued from the time of birth at A, 
to the extremity of old age at O, and let 
B D PO be a curve, whofe ordinatcs C D, 
QP, (jfr, are, every where, to one another, 

as 



\ 
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as the number of fKrlsnt (foand in the tn- 
Ue) that arrive to the cxAKfpotitiiag ages 
A C, A (i,&c. let ti he taken vtty nsnt, 
and paralleT to A B, and ; j> at the Jaeit 
diftance from QP, and let tht roSongle B i 
reprefent the numbef of perfons whkth ditt 
in the propofed place» in any given interval 
of time A S, as found from the bilU of atfX" 
tality ; then will the number of pef folic that 



«iL 



IK 



B. 



:tt 



Q7 C 



come ifito, or go out of, being In the iatir- 
val Aa, be reprefented by the reflangle Brf ; 
and confequently the number erf" all the liv- 
ing, whole ages are comprized in this in- 
terval, by the area BA^mB, or the fame 
retftangle B a very near : Wherefore, fiate 
the number of individuals, whofe ageS now 
take up A a, will in the time A Q^be 
reduced in the ratio of A B to P Qj_ ^"^ a^ 
to .be expounded by the afea PQy/P, the 
number of all the living at^be en4 of that 
time. 
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time, wbofe ages are then included between 
Qjnd q^ will be reprefented by the area 
PQ^/P; fince it is evident that the ages 
of all who come into being, before or after 
diofe now included between A and a^ will 
then be either greater than A q^ or lefs than 
A Q^ Therefore as the number of the liv- 
ing, at all equal ages, is fuppofed to con-» 
tinue conftantly the iame, and as the above 
reaibning holds every where throughout the 
whole extent of life AO, it is manifeft 
that the number of all the living, at any 
one time, will be expounded by the whole 
curvilineai area A O P B A, and therefore 
wiU be to the number of perfons dying, in 
the propofed interval of time A$, as that 
area to the reiftan^le BS. Q^E. I. 
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Hence if the whole term of life AO be 
divided into feveral fcnall intervals A ^, ahy 
hc^ &c. fo that each interval may rcpre- 
fent one whole year, and ordinates AB, 
a ly b2y &c. be defcribed at the points of 
divjiion, and the firft AB be taken 1280, 
then will ^ i, ^2, r 3, CSc. according to 
the foregoing table of obfervations, takeii 
from the bills of mortality of the city of 
Lohdotiy be 870, 700, 635, 600, &c. re- 
ipe<3ively ^ from whence the area A B Q A 
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B K 




K aScde^ 



will come out 25500 very near/ which 
area is, therefore, to the reAangle B/3f, as 
25500 to 1280, or as 20 to i nearly; 
whence it appears that the number of ule 
living, at any one time, bom within the 
bills of mortality of this city, is to the 
number of births happening yearly within 
the fame bills (taken at a medium) as 
20 to I, -very near ; but fince the number 
of burials happening yearly, always exceeds 
the number of births, by reafon (as has 
been before obferved) of the continual 
afflux of people from all parts to town, 
the proportion of that number to the whole 
body of the mhabitants, will be confide- 
rably different from the proportion above 
given ; yet may be nearly eftimated by 
comparing together the number of burial^ 
and chriflenings, &c. 

And (from a method too tedious to be 
inferted here) I make it as i to 26 very 
near. I know indeed that a certain author, 
confiderable in thefe kind of difquifitions, 

give. 



••^ 
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gives the proportion very different from that 
above, vi^. as i to 35 ; but this, I appre-' 
hend could only be owing to a want of 
obfervations ; becaufe, if we iuppoie as 
many perfons to live, at any one time, as 
die in 35 years, thsn it will follow, that 
the expectation Qr (barQ of life due to each 
infant, at k& coming into the world, taken 
at d medium, is 3 5 years ; but it evidently 
jlppe^s iro^ the foregoing table^ and oth^r 
undoubted obfefva^tigns, tbatthe^e is fcarce 
any p^rt of lijfe whei:ein thcb expeftation is 
fo gy:e^ st5 35 yw^i wuch kfs w the vecy 
beginning of it^ attfiwled by fo iipaniy ca- 
fualties «nd xlanger^^ 




FINIS. 
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